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ABSTRACT
Advocates for sustainable development have been campaigning for the implementation of green features in
developments. New and high-technology energy-efficient technologies, such as photovoltaic cells and
double skin fagades, have been difficult to incorporate in developments even though they carry with them
the promise of better performance and greater environmental impact. While some proponents of green
development would have us believe that energy-efficient technologies are worthwhile investments, the truth
is that the benefits do not always outweigh the costs. The key is promoting mass applications of these
technologies is by providing an instrument for decision-makers to understand performance implications of
building systems choices as represented by financial costs and benefits. It is through this holistic
comprehension, as opposed to a dissection of development components, that risk perception can be
mitigated and well-informed decisions can be made.
This proposal presents a financial analysis of the implications of different fagade. These systems will be
applied to a similar base building with same performance specifications for a controlled comparison. The
building type will be limited to commercial offices. It is important to note that the objective is not to arrive at
an absolute cost valuation, but rather to cognize the relative efficiencies of one against the other. By using
currency-based values as a representation of advantages and disadvantages, we are communicating in a
common language familiar to decision-makers.
This thesis hopes to achieve a better understanding of the efficiencies, or inefficiencies, of using high-
technology fagades. While the primary goal is to achieve a more accurate picture of the financial
performances of high-technology energy efficient systems against conventional systems, the analysis will
also give us a good understanding as to what barriers stand in the way, and what conditions have to exist
for them to achieve widespread application. In the end, this could be the more valuable contribution.
Thesis Supervisor: Leslie K. Norford
Title: Associate Professor of Building Technology
ACKNOWLEDGEMENTS
I would like to thank the following people who contributed greatly to the completion of this thesis:
Prof. Leslie Norford, for being an encouraging thesis adviser by being critical in a productive way. Your
feedback has been invaluable to my work.
Prof. John Miller and Dr. Fred Moavenzadeh, for providing constructive evaluations, and taking time to make
sure my work was done right.
Richard Maimon, James Timberlake and KieranTimberlake Associates, for providing useful information on
the Levine Hall. Christopher Trevisani, for sharing his perspective on energy-efficiency.
Erik Olsen, John Zhai, Chris Carbone, and the rest of the BT Lab for helping me learn EnergyPlus.
Marc Harik, for all-around assistance: sharing research information, Powerpoint presentation and
proofreading.
My roommate, Sookhyun, for keeping me sane. I will return the favor this summer as you finish your thesis.
My two beautiful sisters, for always believing that I will make it.
My parents, most of all, for encouraging me to go for my dreams; and for supporting me, financially and
emotionally, along my path to (hopefully) future successes. I know you are always going to be there for me.
TABLE OF CONTENTS
1 INTRODUCTION
Environmental Impacts of Buildings 9
Green Business Sense 10
Economic Issue 11
Existing Green Developments 12
Fagade and Building 14
Precedents 15
Proposal 18
Methodology 19
Chapter Discussions 20
DEVELOPMENT and the ENVIRONMENT
Real Estate Development 21
Commercial Office Market 22
Buildings and their Environmental Impacts 23
Sustainable Developments and Green Developments 24
Environmental Problems 25
Current Approaches to Green Development 29
Motivations Behind Energy-Efficient Developments 32
Barriers to Energy Efficient Technologies 36
The Challenge 38
DOUBLE SKIN FAQADE 39
History of the Double Skin Fagade 40
Typologies 43
Operations 45
Performance 46
European Projects 48
American Projects 49
ANALYSIS METHODOLOGY
Methodology Criteria 50
Analysis Tools 53
Analysis Toolbox: Computer Softwares 60
Reading the Results 62
DSF PERFORMANCE in the CURRENT MARKET
The Model 63
The Fagade Systems 64
Energy Modelling 65
Simulation Conditions 67
Validation of Simulation Output 70
Energy Cost Calculation 71
Construction Cost Calculation 72
Energy Savings: How real is it? 72
TABLE OF CONTENTS
Aesthetics
Natural Ventilation
Energy and Environment Conservation
Financial Incentives
Enhanced Asset Value
Conclusion
FUTURE of DSF TECHNOLOGY
Building and Energy Regulations
Energy Price
Double-Skin Fagade Cost
Changing Market Demand
Conclusion
CONCLUSION
Cost as a Non-Issue
Natural Ventilation Requirements
Consumer Demand for Green Spaces
Expansion of Study
APPENDIX
Appendix A.
Appendix B.
Appendix C.
Appendix D.
Appendix E.
Appendix F.
Appendix G.
Appendix H.
Appendix I.
Appendix J.
Appendix K.
Appendix L.
Appendix M.
Appendix N.
Appendix 0.
Appendix P.
Appendix Q.
Office Building Statistics
Energy Consumption of Office Buildings
Building Prototype 1 (Conventional Fagade)
Building Prototype 1 (DSF System)
Curtain Wall Systems
Diagrams of Modelling Methods
Ventilation Requirements
EnergyPlus IDF File
BTS Core Databook Energy Statistics
EIA Energy Estimation
NStar Energy Charge Schedule
Annual Energy Charges: Building Prototype 1
Sensitivity Analyses for Building 1
Discount Rate
Energy Price Change Analysis
Sensitivity Analysis on DSF Pricing
Sensitivity Analysis on Rent Premiums
91
93
95
97
99
100
101
102
103
104
105
106
110
112
113
114
115
116B BIBLIOGRAPHY
Figure 1.1
Figure 1.2
Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6
Figure 3.1a
Figure 3.1b
Figure 3.1c
Figure 3.1d
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7a
Figure 3.7b
Figure 3.7c
Figure 3.7d
Figure 3.8a
Figure 3.8b
Figure 3.9
Figure 3.10
Figure 3.11 a
Figure 3.11 b
Figure 3.12a
Figure 3.12b
Figure 4.1
Figure 4.2
LIST OF FIGURES
2000 U.S. Energy Consumption by Sector
1999 Tenant Rankings of Office Features
Commercial Office Building by Square Footage and Number of Establishments
Sources of power for electricity generation for year 2001
Average Retail Price of Electricity 1960 - 1999
Public Space in Celebration, Florida
Lake in Celebration, Florida
Property Value Assessment Method
Crystal Palace Perspective
Crystal Palace South Entrance
Crystal Palace Elevation Overview
Crystal Palace Interior
Villa Schwob in La Chaux de Fonds, Switzerland
Cit6 de Refuge, Paris, France
St. George's Wallasey School
Briarcliff House, Farnborough, UK
Hooker Building Fagade Diagram
Inside Ventilated DSF
Outside Ventilated DSF
Hybrid Supply DSF
Hybrid Exhaust DSF
RWE Headquarters exterior
RWE Headquarters DSF section
Dusseldorf Citygate exterior
Commerzbank Headquarters exterior
Levine Hall, University of Pennsylvania
Levine Hall fagade model
Genzyme Headquarters, Cambridge, MA
Genzyme Headquarters, Cambridge, MA
Operating cash flow forecast flowchart
Reversion cash flow forecast flowchart
TABLE OF CONTENTS
Figure 5.1a Conventional Fagade Diagram 64
Figure 5.1b Double Skin Fagade Diagram 64
Figure 5.2 Comparisons of zoning methods and stair models - Phase 1 66
Figure 5.3 Comparisons of zoning methods and stair models - Phase 2 67
Figure 5.4 Annual heating energy consumption per sq ft of different fagade systems 68
Figure 5.5 Annual cooling energy consumption per sq ft of different fagade systems 69
Figure 5.6 Comparison of Simulated Building with Existing Buildings' Energy Consumption 70
Figure 5.7 Annual operating expenses for Building 1 71
Figure 5.8 Additional capital investment cost for a DSF system 72
Figure 5.9 Capital investment v. energy savings analysis for a DSF system 73
Figure 5.10 Calculation of increase in asset value 76
Figure 5.11 NPV Analysis with sale at the end of year 10 77
Figure 6.1 Site Energy Use of Office Buildings 81
Figure 6.2 Summary of Components of Electricity Charges (Building 1) 81
Figure 6.3 Clinton Administration's Proposed Energy Efficiency Tax Credits for Building 84
Equipment
Figure 6.4 1990 National average of office expenses 88
Figure 6.5 Office Expenditures for Boston Offices 89
Figure 6.6 Office expenditures incorporating rent premiums and productivity savings 89
INTRODUCTION 1
In this age of sustainability, we have information dissemination that focuses on building awareness
about the advantages of building responsibly. One of the major concerns is energy consumption. This
stems from the fact that use of energy consumes natural resources, which are finite and quickly being
depleted; and that the use of energy creates greenhouse gases, which contribute to the heating up of the
earth's atmosphere.
ENERGY IMPACTS of the BUILT ENVIRONMENT
Transportation
27%
Residential
20%
Commercial
17%
Industrial
36%
Fig. 1.1. 2000 U.S. Energy Consumption by Sector
Source: U.S. Environmental Protection Agency [USEPA]
The built environment
(residential and commercial
occupancies combined) is one
of the three primary consumers
of energy. It uses about a third
(37%) of all the energy
produced in the US (see figure
1.1). They also account for
two-thirds of electricity
consumption and thus, two-
thirds of carbon dioxide
emissions (Hart 1993).
Meanwhile, commercial office developments make up a big proportion of our built environment. In
the year 2000, 6.4 billion sq ft (approximately 0.6 billion sq m) of office space was constructed in the US, the
vast majority by developers (EIA 2002). They consume 16% of the nation's energy resource (see figure 1.1)
and produce 17% of the greenhouse gas emissions [GHG] (Trevisani, 1998). Even though they only use
17% of total energy consumption, they consume about 27% of the electricity supply of the nation
(Department of Energy 1993).
To reduce the energy consumption and greenhouse gas emissions in the built environment, a
concerted effect has to be made to reduce them in the commercial office sector. At present, there is a
plethora of research going on to come up with sustainable building strategies and technologies that will
9
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contribute to climatically-responsive architecture. More and more architects and engineers are also
becoming more educated about building "green" and about using these technologies to full advantage.
GREEN BUSINESS SENSE
The human resource we have invested in these office buildings is sizable. Tenants who lease
space here are the large and small enterprises that comprise a vital sector of our economy, employing
approximately 25% of the work force (Building Owners and Managers Association 1991). Because of these
reasons, measures applied to office buildings will not only have a substantial impact on energy cost-
benefits, but also greatly influence the well-being of our population.
The 1998 survey conducted by the Building Owners and Managers Association [BOMA] and the
Urban Land Institute [ULI] (1998) revealed some information on tenant priorities that are interesting to note.
Office tenants were surveyed on their satisfaction with their current spaces, and also on the qualities they
look for in their office spaces. In the selection of their lease space, not surprisingly, 98% rated operating
expenses as an important feature. Other survey questions yielded the results, listed in order of priority, that
are shown below:
1. comfort 71. indoor air quality M 1 .H HVA C~s sy stems
2. indoor air quality 2. acoustics 2. Internet wiring
3. acoustics 3. comfortable temperature 3. High-speed network
4. quality of building 4. temperature level control 4. LAN / WAN capabilities
management service 5. fiber optics
6. power/data/voice cabling
Figure 1.2. 1999 Tenant Rankings of Office Features
Source: BOMA and ULI 'What Tenants Want", 1999.
Within the tenants' office suite, comfort-related features, such as temperature, become more
important. Temperature control was noted as a feature that has been often overlooked by office space
providers. In fact, 85% of surveyed tenants found this feature unsatisfactory in their current offices.
Intelligent building features are also becoming more desirable among tenants. Among intelligent building
10
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features, intelligent HVAC systems have been consistently been ranked the most important. One of the
more important information to come out of the survey is that 72% of those who do not have these intelligent
features are willing to pay more to have them. But when cost comes into consideration, the ranking of
priorities shifted, with HVAC being rated second to computer-related features.
While these statistics affirm the beneficial impacts and desirability of building efficiently, then
development process is so complex and incorporates bilateral interactions between numerous parties that
complicate the planning and decision-making process.
In Europe, the UK Department of the Environment surveyed companies that had already
implemented environmental strategies. They reported the following benefits from their investments
(McLaughlin 2000):
61% reported direct financial gains
65% reported an improvement to their public image
40% reported better relations with their shareholders
28% reported gaining an advantage over using non-green products
12% reported improved working conditions
These interactions of issues make for an interesting and useful study of the implications and
impacts of energy efficient design strategies and technologies in the real estate development process. As
Daniel Kaplan (1997) said, "Although the constraints inherent in this type of project are great, the
opportunities for making an impact are correspondingly great." With these pieces of information at hand, we
should rethink the objectives of a commercial office development. There is much room for improvement in
the type of services being provided within an office space, and a thorough understanding can result in
smarter development strategies that would yield better profit margins, and at the same time, would provide
the public with greater environmental benefits.
ECONOMIC ISSUE
The success of bringing an idea from the drawing board to the real world hinges on two factors:
performance and cost. It is no different with buildings. A building's design and systems must satisfy both
11
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performance and financial criteria before they can be implemented. Advocates for sustainable development
in the US have been campaigning for the implementation of green features in developments. Although the
application of an energy-efficient system would undoubtedly have environmental benefits, it would not
necessarily be the most cost-effective development strategy, and this has been standing in the way of mass
application of the newer, innovative technologies.
The key to effecting substantial energy reduction would be to achieve mass application. To do this
would mean the application of such responsible building strategies in big-scale projects, as is slowly been
happening in select real estate markets, especially in Europe.
EXISTING GREEN DEVELOPMENTS
Pioneering and forward-thinking developers and building owners have recognized the potential of
building green as a business strategy, and by taking advantage of an unseen opportunity, they have turned
green buildings into success stories. While these projects illustrate the successful merging of development
strategy and environmental conscience, they do not mean that the all such attempts will experience equally
positive results. There are unique circumstances in each and every project, be it the current market cycle,
or consumer preferences, that influence these outcomes. That is why a good, thorough analysis of these
factors will be necessary for developers to make good investment decisions.
In the American real estate industry, Hines has been one of the developers most consistently
incorporating green features in the projects. They have been awarded the Environmental Protection Agency
[EPA] Energy Star Partner of the Year for 2001 with 28 million gross square feet office space with Energy
Star labels. Jerry Hines, the founder and past president of Hines, was a mechanical engineer and has
always been interested in efficiency issues (Trevisani 2001). As current company president Jeffrey Hines
said, "Hines is committed to value creation for all its clients and part of that value creation lies in reducing
energy costs and energy usage." Their more recent efforts include the Kearns Building in Salt Lake City,
Utah, Bank of America Center in Austin, Texas, the Pacific Gas & Electric building in San Francisco,
California, and 101 California, also in San Francisco. They have all been awarded the Energy Star, together
with other Hines buildings. Their conservation efforts even spread to Mexico, where they took over the
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property management of 3M Corporativo, which was awarded the most energy efficient commercial property
in Mexico by the Fiedeicomiso Para el Ahorro de Energia [FIDE].
The most high-profile American green project thus far is Four Times Square by The Durst
Organization. The project was fortunate enough to be conceptualized by a developer who recognizes the
economic benefits of building green (Durst 2000). But the project was not without obstacles. Daniel Kaplan
(1997), the project director of Fox & Fowle Architects, the project architect, cited economics as one of the
major constraints of the project. It was overcome with the use of hard cost analysis, using DOE-2 runs.
These became the basis of their payback and "rate of return" analyses. They were done with the support of
the Rocky Mountain Institute and the New York State Energy Research and Development Agency
[NYSERDA].
While there are limited examples in the US, Europe has been more progressive. Some of the
energy-efficient projects in Europe have been studied and analyzed thoroughly. A prime example is the ING
Bank headquarters (formerly the Nederlandsche Middenstandsbank Bank [NMB]) in Amsterdam. It is
considered one of the early successes. It was designed by Anton Alberts and constructed in 1990. The
energy consumption is one-tenth that of the bank's former building. ING estimated that their additional cost
of plant and equipment was paid for in three months of occupation. In addition, ING also found that its rate
of absenteeism had dropped 15% (Edwards 1998). Dr. Tie Liebe, the head of MBO, ING's real estate
subsidiary, said that they wanted a design that is "... organic, with the criteria to integrate art, natural
materials, sunlight, green (plants), energy conservation, low noise, and water." After their move to the new
headquarters, Dr. Liebe said that "...NMB is now seen as a progressive, creative bank, and the bank's
business has grown dramatically."
The Commerzbank headquarters in Frankfurt by Sir Norman Foster, and the RWE headquarters in
Essen by Ingenhoven Overdiek Kahlen und Partner [IOK], are two other high-performance buildings in
Germany. They incorporated natural ventilation, which is one of the primary green strategies they are using.
The Commerzbank features an atrium green space every ninth floor within the building that provides a stack
for natural ventilation. Meanwhile, the RWE Essen building uses a more high-technology solution, a double
skin fagade to achieve natural ventilation.
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FAQADE and BUILDING
The building skin is the single greatest controller of a building's interior environment in terms of
light, heat and sound. It may cost 25% of the price of a building, and be a significant contributor to the cost
of a further 30% or more through its impact on the cost of building services (Plymouth School of Architecture
1234). Approximately 25% of residential heating and cooling energy use can be attributed to losses through
windows. In Canada, loss through window accounts for approximately 4% of their energy use (Energy
Educators of Ontario 1993). There is a case for the sensible reallocation of building budgets away from
building services into an improved building envelope.
In more progressive countries such as the UK, Germany and the Netherlands, there are more
energy efficient technologies being developed and being applied in the built environment. Many buildings
being built in Europe now are energy-efficient and climatically-responsive. In these buildings, the most
common element being used is the double-skin fagade system. This new type of building envelope has
been credited with reducing energy consumption of the building by as much as 30% (Arons 2000).
It is because of these reasons that this thesis will focus on the specific cost implications of energy-
efficient fagade systems. It is a dynamic element of the building and there are various implications in
changes in configurations of its system. Majority of high-rise developments use conventional systems that
are single glazed curtain wall systems. But newer buildings are utilizing double skin fagades under the
assumption that they contribute to the value of a building by contributing to energy savings and other
benefits. Some people would find this statement arguable, with the economic performance of such systems
unproven.
This becomes the basis of the research being undertaken here. I am analyzing the economic
feasibility of applying innovative energy-efficient technologies, a doubleskin fagade in particular, in
commercial office developments. This study would provide developers and designers a better
understanding of how the use of such systems affect the financial performance of their projects, and how
various development factors affect the feasibility of such a system.
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PRECEDENTS
The prevailing belief is that the way to promote energy efficient design strategies is to make an
argument from an economic standpoint. The theory behind it is that the primary decision-makers are
developers who can be convinced by a persuasive monetary argument. The merits of this financial
approach to promote green development have been recognized in various existing research. Studies have
been conducted to consider the financial benefits of such actions as incentives for building green. They
discuss cost and benefits in terms of money spent or received, which is called a "financial cost benefit
analysis" (Snell 1997). While this is a perfectly legitimate analysis method, it does not take into account
other equally important, but less easily quantifiable, benefits. An analysis of these welfare and benefits that
are beyond money flows is called "economic cost-benefit analysis" (Snell 1997).
In recognition of the relationship of environmental issues and economics, the US government
stepped into the arena with tools and agencies tailored to this issue. The US Environmental Protection
Agency [US EPA] set up the National Center for Environmental Economics [NCEE] (1999). The
organization sponsors research on the implications of economics on environmental issues. The purpose is
to evaluate the feasibility of implementing certain environmental laws. Its research deals with policies in
land-use, natural resources, and feasibilities of various environmental regulations. Building technologies
and building issues are not addressed, except as contributors to the destruction of the environment, such as
VOCs, asbestos and other such hazards. They have also provided a basic guideline for conducting
economic analyses of environmental issues, but they are tailored towards regulations and policies
evaluation.
Meanwhile, research on the architecture and development front has been more concerned with
intangible factors and development issues and they has taken more generalist perspective of the issue. At
the Massachusetts Institute of Technology [MIT], we have William Browning's (1991) thesis, which
disproved the assumption that the adoption of environmentally responsive design strategies would result in
an increase in construction and development costs. He cited three sustainable community developments
that incorporated such measures as wetlands, natural landscaping, water and energy efficiency techniques,
and non-toxic, natural building materials. His thesis proposed that integrating a number of these simple
environmentally responsive features into a project would not significantly raise the cost of the development.
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Christopher Trevisani (1998) used a different approach. He showed how the application of
environmental technology in various types of real estate developments could increase their asset values.
He determined this by employing traditional appraisal techniques. By capitalizing the increase in the
development's net operating income [NOI] because of savings due to these technologies, he was able to
determine the increase in the asset value. His analysis was based on 100 case studies of various types of
real estate: residential, office, hotel/resort, institutional, retail, and industrial. In his quantitative analysis, he
took into consideration energy savings, productivity increases, and performance lease income. Other more
abstract benefits, like faster leasing and increase in competitive advantage (for retail developments) were
not quantified but were discussed qualitatively.
Meanwhile, Michael Finch (1999) made a financial argument for environmentally-sensitive
commercial office developments. He looked at case studies employing green building design strategies,
siting practices, incentive programs and integrated development processes in commercial office
developments. He also discussed ways in which a developer can take advantage of financial benefits of
these projects: productivity increase as a key to performance leases, integrative development approach that
could reduce construction and post-construction problems, avoidance of liability related to sick building
syndrome, tax credits provided by the government, and rebates by utility companies, and an alignment of
government and community interest that could circumvent potential lengthy delays. His approach is geared
towards discussing developmental issues and rather than building-related issues. The method is more
qualitative and does not use quantitative methods to evaluate these benefits.
At Harvard University's Graduate School of Design, Hiro Sugiyama (2001), a doctorate candidate
in architecture, is working on the valuation of part-load risk in energy-efficiency investments for new office
buildings. He will be focusing on the efficiency parameters, such as climate, that characterize energy
efficient measures (EEMs). These will define the sensitivity of the performance of HVAC equipment in a
commercial building as a function of climate changes, and other such conditions. The performances will be
evaluated using the US Department of Energy's DOE-2 program. He will elaborate an approach to identify
the risk-return of EEMs and determine the feasibility of their applications based on risk. They will be framed
as an investment decision relative to other investments that can be made by building owners rather than
providing a detailed analysis of individual EEMs. His work will be strongly quantitative, focusing in on
HVACs and their building-related costs.
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The Heschong Mahone Group (2000) conducted a panel-based survey for Southern California
Edison on the market barriers to the implementation of energy-efficiency measures on non-residential
developments. The effectiveness of environmental strategies varies according to the type of development,
ownership type, and construction arrangement. This was conducted by panel discussions with various
industry members. The group included representatives from development companies, architecture and
engineering firms, and contractors. By organizing spontaneous and face-to-face interaction opportunities
with various members of the industry, they were able to extract some key issues in the implementation of
green developments. The conclusion of the study was that having the following conditions make for the
optimal conditions for an energy-efficient project: 1) a sophisticated, committed client; 2) financial support
for initial costs; 3) integrated project team; 4) long-term tenant involvement in the design process; 5)
government mandates. Their focus is on the development process and how various conditions exist that
can hinder the implementation of energy efficient features in building non-residential projects.
At University of California - Berkeley, Jonathan Koomey (1990), in his thesis, explored market
failures and regulatory distortions that affected the energy efficiency of new office buildings in the United
States. These included information costs, risk aversion, obsolete building codes, subsidies, income taxes,
and property taxes. A technology was considered to experience market failures if its cost of conservation1
per kilowatt-hour was less than the energy price of the utility company. Each failure was analyzed
qualitatively and quantitatively, when possible. The conclusion is composed of four corrective policies and
each one has been analyzed using a discounted cash flow model using three different office buildings,
under a variety of assumptions.
Of all the resources available in the field, the Rocky Mountain Institute [RMI] is on the forefront of
research on economics and green developments. Amory Lovins, one of the founders of RMI, and William
Browning (1992), also of the RMI, cited the economic and physiological benefits of cutting electricity usage
in commercial buildings. They listed various methods of conserving energy through the use of the proper
lighting, window glazing and coatings, proper selection of efficient HVAC systems, and office equipment.
Their conclusion was that energy-efficiency measures can cut building costs during operations and that
costs incurred during capital construction can easily be recovered through energy cost savings. These were
1 Cost of conservation is the cost of implementing an energy conservation measure.
INTRODUCTION 1
deduced based on calculating the cost of retrofits and their corresponding energy savings compared on a
per square feet basis.
Aside from the above-mentioned studies on the benefits of energy-efficiency developments,
William Browning, together with Joseph Romm (1994) conducted a system-specific study focused on
increased lighting efficiencies for the US Department of Energy. This study is concerned on the specific
benefits of lighting efficiency. Their two-part analysis consisted of: 1) initial capital cost recovery; 2)
productivity improvements. They calculated the payback period using energy cost savings and productivity
improvements. Productivity analysis was conducted with a before-and-after survey of retrofitted buildings
and new constructions. Their quantifications of productivity increase were facilitated because of actual
productivity monitoring that was conducted before and after the implementation of efficient lighting systems.
THE PROPOSAL
With the numerous works mentioned above, we see that there is no shortage of economic-based
analyses that have discussed these issues. At present, we are seeing more widespread applications of
energy-efficiency measures, such as proper building siting, sunshades, low-emissivity glass, insulation and
proper lighting fixtures. There has been increasing interest in them from both property owners, and also
developers. Furthermore, with the current energy crisis in California and utilities deregulation all over the
country, consumers are becoming more aware of the benefits associated with conserving energy. Getting
consumers to understand these benefits and later demand products that supply these services is key to
achieving the market demand that will trigger the interest of business people, such as developers or product
manufacturers to venture into these related product developments. Pioneering developers such as Hines,
Ardent Realty and the Durst Organization have been forward-thinking and incorporated green features in
their development projects. But considering the size of the country's built environment, they only constitute
a small percentage of the building activities in the US.
Newer and high-technology energy efficient technologies, such as photovoltaic cells and double
skin fagades have been harder to incorporate even though they carry with them the promise of better
performance and greater environmental impact. While some proponents of green development would have
us believe that energy-efficiency technologies are worthwhile investments, the truth is that the benefits do
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not always outweigh the costs. The cost barrier is called such for a good reason. Another disincentive is
the risk associated with applying an unknown, untested technology. By adapting an integrated, holistic
approach to development and building, we wonder, are these technologies actually more expensive? How
do we reduce the cost? Are they actually riskier? How do we reduce the risk? What about financial
incentives? Do they help at all? Or perhaps a better question to try to answer would be "When and under
what circumstances would it be efficient, cost-wise, to apply such high technology features?"
To address these additional questions, an understanding of the mechanics of real estate
development and the interplay of components of the development process with the design process is
essential. The key is to provide an instrument for decision-makers to understand performance implications
of building systems choices as represented by a holistic analysis incorporating both building-related costs
and also development-related costs. It is through this integrated approach, as opposed to a dissection of
development components, that risk perception can be mitigated and well-informed decisions can be made.
My proposal is to conduct a financial analysis of the implications of high-performance energy-
efficient fagades. The comparison will be made between a conventional single-glazed curtainwall system
and double-skin fagade [DSF]. These systems will be applied to a similar base building with same
performance specifications for a controlled comparison. Because of the various possible building types, we
want to limit our study to commercial offices only.
METHODOLOGY
The analysis will be conducted using industry-accepted financial metrics: life cycle cost
assessment [LCCA] and the discounted cash flow [DCF] method. We will consider the implications of
building-related costs, such as construction costs, maintenance and replacement expenses, and operating
costs. We will also incorporate effects due to differences in development-related factors, such as income,
market demand, government subsidies, tax credits, financing structure, and asset value creation. These
analysis metrics are widely-used in the industry. Decision-makers are familiar with them and understand
their limitations. The results will also be easier to interpret and accept. This will result in a "bottomline" that
will illustrate, in a quantitative manner, the advantages or disadvantages of choosing one system over
19
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another. It is important to note that the objective is not to arrive at an absolute cost valuation, but rather to
cognize the relative performance efficiencies of one against the other. By using currency-based values as a
representation of advantages and disadvantages, we are communicating in a common language familiar to
decision-makers.
I hope to achieve a better understanding of the efficiencies or inefficiencies of using high-
technology technologies, of which a double skin fagade is an example. While the primary goal is to achieve
a more accurate picture of the financial performance of high-technology energy-efficient systems against
conventional systems, the analysis will also give us a good understanding as to what barriers stand in the
way of their widespread application. In the end, this could be the more valuable contribution.
CHAPTER DISCUSSIONS
Chapter 1 introduces the issue of economic analysis and high-performance green technologies. It
gives an overview of the thesis and its contents. The thesis body will start off with Chapter 2, which will
discuss the energy implications of buildings and the state of green developments. Chapter 3 will introduce
the DSF system and its workings. Chapter 4 will go through the analysis methodology. Chapter 5 will
discuss the energy simulation, the results and the analysis of the DSF performance in the current
development market. Chapter 6 will evaluate the effectiveness of solutions to energy efficiency as we look
into the future. We will end at Chapter 7, with a summary of our conclusions and questions for future
research work.
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REAL ESTATE DEVELOPMENT
What is it?
What is real estate development? Real estate development has often been thought of as the bane
of the urban scene by designers and planners, but what is it really about? Development is an idea that
comes to fruition when consumers - tenants or owner-occupants - acquire and use the bricks and mortar
[space] put in place by the development team. Like any other consumer product, there is a risk-reward
component to the business dynamics. One vital distinction, though, is that real estate assets are durable.
In the United States, the average life of commercial buildings is 59 years (Rebuild America 2002). Because
of this permanence, any errors in judgment during the planning and construction phases have expensive
long-term repercussions.
Value of a development property is created by providing usable space over time with associated
services, such that the consumers can enjoy the benefits of occupying the space (Miles, Berens, Weiss
2000). A real estate asset is comprised not only of the floor and four walls enclosing the space, but also the
features incorporated within it, such as quality of management services, utilities supply, space quality, and
intelligent building features. These can determine the marketability and, thus, the profitability of a
commercial office property. This package of usable space and services associated with it is considered the
product of real estate development.
Value of a commercial property can be broken down into three components (Poorvu 1996):
1. Cash flow
Cash flow is the amount of cash coming into the property to the building owner. It is the revenues
received from the operations of the property, minus expenses incurred. Revenues are the income
received from rentals, while expenses include utility expenses, capital expenditures, taxes, and
debt service.
2. Tax effect
One of the primary motivations of investors to put money into real estate is the reductionary effect
of specific real estate-related tax regulations. These include historic preservation tax credits, low-
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income housing tax credits, and other similar tax-related incentives. This can result in tax shelters
and provide a significant increase in profits for a developer.
3. Future benefits
This is the amount by which the capital position of an investor will be affected by the sale or
refinancing of the property. It takes into account mortgage amortization and change in value of the
asset over the period of property ownership.
A developer's interest lies in the increase of these three components. Their decision to build or not
build (or perhaps, to buy or not buy) a property is dependent on the results of financial analyses of these
components. Industry analysis methods, like the Discounted Cash Flow Method [DCF] allow them to
evaluate the profitability of their investment decisions.
COMMERCIAL OFFICE MARKET
The commercial building sector in the US is comprised of retail stores, offices, restaurants, hotels,
schools, correctional institutions, and religious organizations. It does not include goods-producing
industries. In 1999, the United States had more than 4.6 million commercial buildings that comprised more
than 67 billion square feet of floor space (CBECS 2001).
Among commercial buildings, the office sector is the second largest sector, next to retail buildings
(see Appendix A.1). It is made up of an estimated 705,000 office buildings in 1995 (DOE EIA 1995). These
include buildings for general office use, administrative purposes and professional offices.
LOCATION and SIZE
Forty-two percent of office buildings are located in the southern region of the country (see figure
2.1). Offices in this region are the smallest in the US, with only 8% having three or more floors. Meanwhile,
the northeast region, though it has the least number of office buildings, has the tallest office buildings, with
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30% having three or more floors (US EIA 2000). Looking at the building coverage map (see Figure 2.1)
below, we would notice that the northeast region is also more densely populated, occupying a smaller area.
A d NORTHEAST
E] Percent of Office Buildings
* Percent of Office Floorspace
Percent of U.S. Population (1995) SOUTH
Sourmes: Energy Information Administration, 1996 Commercial Buildings Enrg Consumption Survey
and U.S. Census Bureau. population Eskniates Program.
Figure 2.1. Distribution of office spaces in the US
More than 50 % of office buildings in the
United States are less than 5,000 square feet in
floor area (See Appendix A.2). Only 6.8% of
office buildings have more than three floors, and
only 5.4% of office buildings have more than
50,000 sq ft (US CBECS 2000). The majority of
the taller and larger office buildings are located in
the northeast.
NUMBER of EMPLOYEES
The office sector employs the most number of people, with 27 million workers, approximately 35%
of the commercial workforce (See Appendix A.3). While the retail and service sector is the biggest occupant
of commercial space, it only employs about 14 million workers.
BUILDINGS and its ENVIRONMENTAL IMPACTS
HO W MUCH ENERGY DO OFFICE BUILDINGS CONSUME?
Being a substantial contributor to the wealth of a nation, buildings also consume a substantial
percentage of the resources of the nation. The built environment consumes approximately a third of the
energy resources produced in the US (see Figure 1.1). Commercial buildings alone use up about 1,019
trillion Btu of energy annually, which is approximately 16% of the total production of energy. Although office
buildings are only the second largest commercial building sector, they use the most energy of ALL building
types, accounting for 19% of commercial energy consumption.
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While only a very small percentage (5.4%) of office buildings in the US are considered large', large
buildings account for the greatest percentage of the energy consumed. This 5.4% accounts for 60% of the
energy consumed by office buildings (See Appendix B.1). They also use energy more intensively per
square foot compared to smaller sized office buildings. Because of the higher amounts of energy they
consume, they fall into a different category of electricity rate, and thus, pay a lower rate per square foot of
building area.
Buildings consume mainly 4 types of energy sources: electricity, district heat, fuel oil and natural
gas. 88% of a building's this consumption is in the form of electricity (See Appendix B.2). Again, the large2
office buildings (5.4% of total percentage of office buildings) use up 63% of all electricity consumed by office
buildings (See Appendix B.3). As with energy, they also use electricity more intensively per square foot
than smaller sized office buildings, while getting better rates with the utility companies.
HOW DO OFFICE BUILDINGS CONSUME THESE ENERGY?
The above figures illustrate just how much energy is being expended to provide the services
associated with the provision of office space. But to be able to tackle more efficiently the issue of energy-
efficiency in buildings, we have to understand how energy is being utilized. By doing so, we can know how
to best effect a change in building design.
Most of the energy used by office buildings goes to lighting, office equipment and space heating
(See Appendix B.4). Meanwhile, major distribution of electricity goes to lighting, office equipment and
cooling (See Appendix B.5). We notice that they are almost similar in expenditures.
SUSTAINABLE DEVELOPMENTS and GREEN DEVELOPMENTS
What are they?
The Brundtland Commission, formerly the United Nations Commission on Environment and
Development, defined "sustainable development" as "Development which meets the needs of the present
1 A large building would be one that encompasses more than 50,000 ft2 (approximately 4,645 M2) of floor area.
2 A large building would be one that encompasses more than 50,000 ft2 (approximately 4,645 M2) of floor area.
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without compromising the ability of future generations to meet their own needs." It combines the need to
preserve, enhance and interrelate economic prosperity, integrity of the natural ecosystems, and social
equity. (Porter 2001) As the broadness of the definition suggests, it can mean different things to different
groups and is often generously used to refer to any form of environmentally-related project. Because of the
various perspectives from which the issue can be discussed, it will be useful, at this point for us to discuss in
more detail the terminologies and their classifications, to make for a better communication of ideas.
For planners and developers (Porter 2001), sustainable development means that projects should
be implemented with consideration for the following:
1. conservation of energy and natural resources through minimal land consumption, expense of non-
renewable resources and emissions production
2. cost-effective use of resources through adaptive re-use
3. contributions to community, livability, social interaction and sense of place
4. access to needs of the community, such as jobs, transportation, etc.
5. diversity, synergy, and use of renewable resources in the output of local economy
A related terminology used specifically in the building industry is "green development." "Green
development" is defined by William Browning (1992) as "development which address one or more
environmental issue". Because of the generality of its definition, it has also become an overused and, often,
misused terminology which can encompass a vast array of projects. To provide a better understanding of
green development, it can be classified into five major environmental impacts (Wilson, Yost 2001).
1. land-use and communities
2. site and water
3. resources and materials
4. energy
5. indoor environment
Meanwhile, Randall Arendt (Heid 2002), a land-use planner, author, and advocate of "conservation
planning", would classify them according to the level of integration of green concepts. He uses the term
"shades of green" to refer to this.
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1. Dollar Bill Green developments, wherein all the right environmental terminologies are being used
as marketing catchphrases, without actual thoughts going into the function and effectiveness of
these measures;
2. Grass Green developments are projects that hit only a couple of issues, mostly green horizontal
developments (such as the New Urbanism Movement and other similar community- and horizontal-
based developments);
3. Full-Spectrum Green developments that addresses all aspects of green design strategies.
These classifications address the issues from different perspectives and will give us a better
understanding of the content of the work conducted.
As evidenced by the various existing studies, more and more attention is being paid to
environmental issues in building. With all the hype and excitement surrounding green architecture, how real
is the threat of the built environment to our ecology?
ENVIRONMENTAL PROBLEMS
How real are they?
"I can't tell you how many people throughout history have said that in 20 years we'll have an
energy catastrophe. And they've always been wrong - always."
- David Victor
Director of the Program on Energy and Sustainable Development
Stanford University (Mann C.C. 2002)
Bjorn Lomborg (2001),a political scientist and professor of statistics at the University of Aarhus in
Denmark, wrote a book called "The Skeptical Environmentalist". He espouses the idea that most warnings
and statistics about the environment are deceptive, exaggerated and pessimistic. His declaration is that
these misleading pieces of information are actually deleterious to development because it results in
unnecessarily excessive amounts of efforts and resources being used to solve these problems when there
are more real and pressing issues that require attention. He also questioned the rigor of the feasibility
analysis of renewable energy versus fossil fuel externalities. Many people argue that if externality costs on
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the environment and humans, pollution and waste production were to be taken into consideration,
renewable energy would be cheaper than fossil fuels. When three projects attempted to examine the cost
associated with electricity production, including mortal risks of mining coal, hazards of production,
destruction of the environment and other externalities, they found these extra costs to be less than that of
renewable energy.
Hydroelectric Geothermal Biomass There is also the
(Conventional) 0.38% 1.73% Windmore often heard doomsday
Hydroelectric prediction that one day we
(Pumped) 0.02%(Pumped)02 are going to run out of oil to
Nucea Poerpower our plants. AfterNuclear Power $
20.32% WW1, the U.S. Geological
Coal Survey, under the leadership
51 .560/
Gas of George Otis Smith,
15.37% Petroleum assessed the world's4.04%
______________________________________________ petroleum reserves and
Figure 2.2. Sources of power for electricity generation, year 2001. predicted a "gas famine"
Source: Department of Energy - Energy Information Administration, saying that reserves will all
be totally exhausted before 1940. This triggered movements by governments of the Western world to use
political measures to ensure oil supply from the Middle East, which resulted in an acrimonious relationship
with the region for 70 years. But this also meant the use of previously underused technologies for oil
speculation. This resulted in the discovery of oil in Texas and Oklahoma. The country became so
overglutted with oil that desperate producers dropped oil prices from $1.85 to $0.02 a barrel. Then, in the
early 1970s, the Club of Rome had 4 political scientists use computer models from MIT to predict the future
of the world. This resulted in a published book titled "Limits to Growth", which sold 9,000,000 copies, and
predicted that the world was going to run out of petroleum by 1992.
The US is also reducing its dependence on oil for electricity generation. In 1973, 20% of US
electricity was generated from petroleum oil, but now, it has been reduced to less than 4.04% (see Figure
2.2). Transportation consumes most of the oil used in the US.
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Average Retail Price of Electricity Sold by Electric Utilities,
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Figure 2.3. Average Retail Price of Electricity 1960 - 1999
Source: Department of Energy - Energy Information Administration 2002.
Some environmental
groups have used the fact that
electricity prices have been
increasing as a persuasive
argument for efficiency. This has
been used in conjunction with
electricity deregulation, which is a
subject discussed with some fear
and concern. The reality, though,
is that while electricity prices are
on the rise, they are in nominal
terms. But when prices were
charted in real terms, wherein the
effects of inflation have been taken out, the reverse is actually true. Prices declined throughout the 60s, and
increased through the 70s and mid-80s. But it has been going down ever since then. We are currently
enjoying the lowest retail electricity rates since the 1960s (see figure 2.3). This kind of misrepresentation of
information, whether intentional or not, is of the kind that Lomborg warns us about.
Does the information above illustrate then that we do not need to be concerned with energy and
environmental issues in our buildings? Absolutely not!
Because statistics indicate a reduced dependence on petroleum oil as a source of fuel for
electricity generation, oil shortage problems become less of a concern to the building consumers. But, we
are instead, more heavily dependent on coal, gas and nuclear power (See figure 2.3). While these sources
are not dependent on Middle East politics, they have their own sets of complex problems. Coal mining is
notorious for causing black lung diseases in miners. Nuclear power is one of the more controversial power
sources currently available. Its high power potential is tempered by its problems associated with nuclear
meltdowns and waste disposal, which can potentially cause irreversible genetic mutations or grave
illnesses.
When Lomborg's book came out, it shocked the environmental movement. Groups of people,
including academics, laid doubt to his claims. The Union of Concerned Scientists [UCS] (2001) based in
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Cambridge, Massachusetts invited several of the world's leading experts on water resources, biodiversity,
and climate change to review his book as they relate to their field of expertise. Reviewers included Dr.
Peter Gleick on freshwater resources, Dr. Jerry Mahlman on atmospheric and climatic sciences, and biology
and biodiversity experts Drs. Edward Wilson, Thomas Lovejoy, Norman Myers, Jeffrey Harvey and Stuart
Pimm. Their reviews indicate that Lomborg's conclusions are marred by flawed logic and inappropriate use
of statistics, while selectively citing literature - often not peer-reviewed - to support his claims. But despite
his doubts about Lomborg's statements, Dr. Mahlman (2001) of the National Center of Atmospheric
Research based in Colorado, agreed that there tends to be an exaggeration of the data in what he called
the "Greenpeace Science" that portrays the environmental problem to be worse than it actually is. While
Lomborg's research tries to minimize the gravity of the real state of the world and tries to warn against
overestimation of the environmental damage such as those listed in the previous sections, it does not mean
that the statistics are not real, and neither does it suggest that we are living in an ideal world (Lomborg
2001).
While the environment may not in as bad a shape as we imagined it to be, it is not in the best
shape that it should be in. Whatever efforts we can make to create a world closer to the ideal are still
essential for the continued sustainable existence of life on earth as we know it. But we should be more
discriminating about claims of either "Greenpeace Science" or its opposite "contrarian science" and learn to
look at the big picture and prioritize real needs over excessive perceived needs.
CURRENT APPROACHES TO GREEN DEVELOPMENT
Existing present green developments try to approach the issue using different strategies. They are
better discussed and classified according to their environmental impacts as they appear in Wilson and Yost
(2001).
LAND-USE and COMMUNITY
"Smart growth" (Porter 2001) is a development strategy that encourages consensus on
development decisions through inclusive and participatory processes and, in that sense, is a snappy
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euphemism for consensus-driven growth management. It promotes compact, mixed-use development that
offers a high-quality living and working environment and choice in travel modes and housing opportunities.
Another community development concept is the "new urbanism". It uses principles codified by a
group of architects in 1991 called the Ahwahnee Principles. It calls for "complete and integrated
communities" that locate housing, jobs, daily needs and other activities within walking distance of each
other. It will also incorporate civic, cultural, recreational, commercial, public and open spaces to promote
the use of space, both in the daytime and at nighttimes.
A very closely-related concept to new urbanism was developed by Peter Calthrope. It was called
the "traditional neighborhood development" (Porter 2001). Its most common features are grid street
patterns, porches, pedestrian streetscapes, small lots and back alley garages, all of which recall the old
neighborhoods. This concept is often seen in the works of architects Andres Duany and Elizabeth Plater-
Zyberk. One of the more recent one built is Celebration, Florida, a small town developed by the Walt Disney
Company. It has a town center, a public school, a golf course and a population of 3,000 (Constantine
1996).
Figure 2.4. Public Space in Celebration, Florida Figure 2.5. Lake in Celebration, Florida
Source: Andrew Wood, San Joss State University Source: Celebration, Florida, Walt Disney
SITE and WATER
Conservation of site features and water resources involve adaptive reuse of old buildings. This is
the most sustainable form of construction (EBN 2001). This reduces the amount of materials and energy
used for construction, and thus minimizes depletion of resources.
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The location of buildings should also be carefully established to minimize its impact on the site.
Preservation of open space and wildlife corridors and wetlands preservation are important considerations. It
should also consider the use of natural vegetation on the site to maximize their benefits, such as the
positioning of trees on the east and west sides to minimize solar gains, or use of hedge rows and shrubs to
channel cold winter winds. All these help to reduce energy loads on the building during heating and cooling
season.
At the same time, the water resources on site should be protected. Porosity of the ground will
allow pesticides and chemicals to leech into the ground. Builders should look into using less toxic termite
and frost treatments to prevent contamination of water supply on site.
RESOURCES AND MATERIALS
Building green does not just involve using materials in green design, but also in using green
products. Greenness of a product can be determined by considering multiple criteria (Wilson 2000):
1. products made from environmentally-attractive materials, such as salvaged products, post-
consumer contents, post-industrial contents, agricultural wastes and certified wood materials
2. products that are green because of what is not there, such as products that use alternatives of
hazardous materials like hCFCs, mercury, creosotes and pentachlorophenol (wood treatment)
3. products that reduce environmental impacts during construction, renovation or demolition, such as
erosion-control products, low-mercury fluorescents and access flooring components
4. products that reduce environmental impacts of building operation, such as fuel cell equipment and
other renewable energy material, water-conserving fixtures, low maintenance products
5. products that contribute to safe, healthy indoor environment, such as those that do not release
pollutants into the indoor environment, equipment that remove indoor pollutants and pollutant-
warning systems.
ENERGY
Buildings expend a substantial amount of energy and impact the quality of our environment by their
emissions. Their degree of impact depends on many factors, including climate, floor area, function, design
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and building systems. The US Department of Energy [DOE] reported that a house that incorporates passive
design features would consume about 30% less heating energy, while a house that incorporates a well-
insulated and tight building shell, efficient mechanical systems and passive design features would use 75%
less heating energy. Commercial and institutional buildings would be able to achieve savings of the same
magnitude with proper design (Maxman, et al 2001).
Energy efficiency can be accomplished by incorporated simple design features, such as proper
building siting, use of foliage, daylighting, sunshades, thermally-resistive windows, proper insulation and
such. But there are also more high-tech methods of achieving energy efficiency. Examples of these include
the use of centralized building thermostats and controls, optimized mechanical systems, alternative power
sources, such as photovoltaic cells, and, of course, optimized building envelopes such as double-skin
fagades, which will be the subject of this research.
INDOOR ENVIRONMENT
People spend 90% of their time indoors (EPA 2002). This fact should be cause for concern
because the indoor environment has two to five times more pollutants than the outdoor environment. These
pollutants include secondhand smoke, mite, pet dander, molds, and chemicals from building materials.
Indoor pollutants can result in sick building syndrome [SBS]. The World Health Organization [WHO]
estimates that as many as 30% of new buildings have sick building complaints.
The HVAC operation that contributes the most to indoor environment is ventilation. The lack of
adequate airchange can result in the accumulation of carbon dioxide in the interior, and can cause
occupants to become drowsy, get headaches, or become less productive (EPA 2002).
MOTIVATIONS BEHIND ENERGY-EFFICIENT DEVELOPMENTS
With the interplay of the complicated benefits and risk associated with energy efficient
developments, some developers are brave enough to venture forth, in the belief that, despite the risks and
costs, the eventual benefits, monetary or non-monetary, will outweigh them.
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Europe, thus far, has been more successful in making forward strides while the US is trying to play
catch up. They say that real estate is local, and it is the argument one can make for the success in Europe
and the struggle in America. The European real estate market, political climate, consumer knowledge, and
energy costs might create better conditions within which to apply these features, while the American
market's might be less conducive to these applications. For instance, energy prices in Europe are much
higher than that of the US'. In Germany, energy prices are triple, even quadruple that of the US' (Arons
1999). European consumers are also more discriminating in their preferences of spaces. They are more
particular about having natural ventilation in their buildings. According to a survey conducted by Richard
Ellis and Partners in 1992, 89% of the office occupiers in the UK are against air-conditioned buildings
(McKee 1998). Lansdown Estates Group (a subsidiary of MEPC) in the UK, spent time with prospective
new space occupiers to understand their requirements. They found that, generally, occupiers ask for good
natural light and expect natural ventilation, and the majority of them do not ask for full air-conditioning (Rowe
1998). The key is to determine what condition, what thresholds, what scenarios would make the difference
between a profitable energy efficient development and one that is not.
WORKER SATISFACTION
When Addison Wesley Longman Group (Standley 1998) wanted to establish new headquarters in
Harlow, Essex, their primary objectives were to reflect the needs of their current staff. To accomplish this,
surveys and interviews were conducted with staff to develop a brief that will address their wants and space
requirements. They were seeking a balance between sensible energy costs and people costs, which were
substantially higher than energy costs. Typically, in a company like this, 75% of their total cost goes into
staff salaries.
The survey results showed that the workers preferred human-scale work spaces, and 80% of their
staff expressed preference for operable windows. While the design team did not originally seek to design a
green building, but by giving prominence to the workers' needs, green dimensions in architecture naturally
arose. The resulting building was built at a cost 5% more economical than the norm, though with higher
external envelope costs. Savings were made by exposing concrete ceilings to serve as thermal mass.
Energy running costs are about 35% of a comparable air-conditioned office (Standley 1998).
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ENHANCED CORPORATE IMAGE
The International Netherlands Group [ING] Bank, formerly known as Nederlandsche
Middenstandsbank [NMB] was the fourth largest bank in the country in 1978. Dr. Tie Liebe, who manages
the bank's real estate subsidiary, said that the bank was viewed as "stodgy, and too conservative." When it
slowly outgrew its old headquarters, it decided to build a new, cost-effective headquarters that will be
environmentally responsive in design and function. The result is the new IMG Bank Headquarters in
Amsterdam. It uses a tenth of the energy of the old building and a fifth of the energy consumption of a
typical Amsterdam building. The annual energy savings are approximately $2.9M (in 1996 US dollars) from
features that added $700,000, for a payback period of only 3 months. The building is of a unique form and
shape, and even the development process itself as integrated across all disciplines, wherein different
disciplines were made to work together to understand of each other's designs and decisions. At present,
ING Bank is the second largest bank in the Netherlands, and its new bold image as projected by their new
headquarters has been credited for helping them accomplish this (Hawken, Lovins, Lovins 1999).
PRODUCT DIFFERENTIATION
In an upmarket, when vacancy rates are lower, developers and building owners becomes the
market dictator. It becomes a sellers' market, and thus product quality is not an important criterion to a
consumer. But with the current economic crises, headlines in real estate journals proclaim that office
vacancies are going up, even in high rent cities like New York and Atlanta. How do the industry power
players respond to this? They have started to diversify, and technology is their first stop. This year's owner/
developer/ manager companies try to stay healthy in such a risky real estate market climate by using unique
ways to differentiate their product from another's. (Suttel 2001)
Hines' strategy is to provide spaces that incorporate special features above and beyond what their
competitors would normally offer on the market. These features may include better space quality, higher
ceilings or energy efficient designs and measures. This may result in more costly capital investment during
construction, especially in an upmarket where consumers are less discerning. But when we consider the
permanence of initial investments, they will prove to be worth the investment in the downmarket when it can
provide product differentiation against other properties. It acts as a hedging strategy that keeps them afloat
in the harsher economic times (Trevisani 2001).
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BUILDING ASSET VALUE
In the real estate industry, appraisers assess the value of a property by applying a capitalization
rate to a property's net operating income (Trevisani 1999) (see equation 1 below). One can build asset
value for a commercial real estate property by increasing its net operating income. This can be
accomplished by either increasing the rents or by decreasing the expenditures (see Figure 2.6). This
strategy was used to advantage by Hines in acquiring recent properties. They bought the Eastwacker
Building and put in efficient lighting systems, upgraded the HVAC systems and other equipments. By doing
so, the operating cost of the building went down 20%. An appraisal for the building after the upgrade
yielded a value that is 150% of what it was originally worth (Trevisani 2001).
Property Value = NOI / capitalization rate (1)
Potential Gross Income [PGI]
-Vacancy Allowance
= Estimated Gross Income [EGI]
-Operating Expenses
= Net Operating Income [NOI]
Figure 2.6. Property Value Assessment Method
Source: Geltner, Miller
This strategy was also applied by Jim Lannon of Scribnor, a Chicago-based real estate investment
and management firm. He came across an old commercial building and found it to be paying $3/ft2 for
energy bills, about $1 more than necessary even considering the high utility rates in the region. By
conducting an energy audit, he realized that by the energy expenditure for the building could be reduced by
$100,000 a year. That is a $100,000 potential increase in net operating income. By applying a
capitalization rate of 10%, this amount in savings can increase the property's value in the marketplace by
$1,000,000. After this review came out in an article, the original owners decided to keep the property as a
long-term investment (Kessler, Hill 2001).
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These investment "jackpots" come with knowing when to grab good opportunities. These happen
at an opportune time when development conditions are favorable for a good investment.
BARRIERS TO ENERGY EFFICIENT TECHNOLOGIES
Despite the numerous advantages listed above, we do not see developers rushing to build cities of
green buildings. Their reticence in pursuing this as a business strategy can be attributed to various
reasons. The development process is complicated enough as it is. But when issues of energy efficiency
start to figure into the formula, complications arise that discourage developers from pursuing these
strategies.
RISK AVERSION
In the business world, investors are generally assumed to be risk averse (Sharpe, Alexander,
Bailey 1999). This means that they will tend to choose an investment that has a smaller deviation of
expected return, and therefore less risk. A risk averse developer, unless he has a specific tenant committed
to the space already, would not want to invest a more than normal amount of money into office
development. Pyhrr and Cooper (1982) noted that "both the national and regional supply of office space
has tended to follow a boom-and-bust cycle more dramatic than that of any other real estate sector." The
rates of return of properties varies so much over so little time. With the incorporation of energy-efficiency
measures, wherein the cost implications are even more unknown, risk is perceived to be even higher.
Koomey (1990) cited sources of risk aversion in the use of energy efficient technologies: economic
fluctuations, delays, and litigation. Delays are a perceived source of risk because of scheduling issues and
"hassle costs" (HMG 2000). Due to the unfamiliarity of the designers, builders and owners in the use and
implications of new technologies, there are chances of delay due to errors or slower learning process in
design and construction.
Meanwhile, some developers are averse to risk due to litigation. Performance of new technologies,
though proven through computer simulations and laboratory tests, are largely unproven and unmonitored in
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the real applications. These will result in risk of litigation in cases when the systems do not perform as
expected.
SHORT-TERM BIAS OF CONVENTIONAL FINANCING
The effects of a risk-averse mentality are not just limited to the developer. In the uncommon event
that you will see a developer interested in building green, they come up against risk-averse investors and
lenders. Securing financing becomes a major barrier. Financial markets are by necessity conservative,
whether for debt or equity (Leinberger 2001). They often require long track records that are often difficult to
achieve with innovative energy-efficient projects. At the same time, sales, marketing, and income-
generation for environmental projects tend to be different from conventional projects and the current
underwriting process tends to favor the conventional developments. This impedes the development of
newer, more efficient technologies.
Internal rate of return is determined using a discounted cash flow method. The range of
acceptable IRR will vary according to the perceived risk of the project, and often perceived risk is based
upon the track record for the project type being evaluated. In the case of energy-efficient technologies,
most of the projects would be considered risky. For developments with moderate risk, the acceptable IRR is
between 15% to 20%. For riskier projects, it can be as high as 35%. This becomes the basis for decision-
making for a lending institution in evaluating the feasibility of a project (Leinberger 2001).
The analysis approach taken is the Discounted Cash Flow [DCF Method] that favors lower initial
capital cost, while the value of long-term savings are diluted due to the discounting. With the use of energy-
efficient technologies the value comes mostly in cost-savings that come in the later years, which are worth
less than the initial capital cost savings that can be achieved by using cheaper conventional systems.
INFORMATION COLLECTION
With the wide array of technologies available today, there are too many choices. In the study
conducted by Heschong Mahone Group for Southern California Edison (2000), industry people stated that
while architects are more aware and more interested in building green, they do not have sufficient technical
knowledge to do so effectively. Engineers, meanwhile, hold the technical expertise and knowledge in doing
37
DEVELOPMENT & the ENVIRONMENT
so, but are often not involved enough in the design process to make a difference. More often than not, they
are also perceived to be less interested in building green. With this misalignment of expertise and interest,
the decision-making process is less informed and therefore less efficient.
BUDGET CONSTRAINTS
Budget constraints were cited as a barrier because of the often-higher initial cost. Some owners
simply do not have the available resources to incorporate these real expenditures early on in the building
process. Some research now tries to promote the idea that it is not necessarily the case. The Addison
Wesley Longman Group's new offices were able to provide superior building performance at a 5% lower
cost than the norm. Cases such as this are often cited to encourage developers to build green. Often,
these projects are economically viable is that they apply simple solutions, such as lighting retrofits, improved
building sealing, siting and such energy efficient measures [EEMs]. But this economic benefit becomes less
apparent and less optimistic when the discussion turns to high-technology, high-performance building
systems, and this is the primary concern of this thesis.
THE CHALLENGE
All the obstacles and potentials benefits of building green office spaces taken together pose a
challenge to us. To be able to reconcile the two seemingly opposing ideas: one of profit-making and one of
environmental conscientiousness, we can hopefully arrive at a conclusion that will prove to be a successful
resolution for the environment and for the real estate development industry.
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The glass building is the dominating building prototype for commercial office buildings of our time.
It came about with Joseph Paxton's conception of the Crystal Palace (see figures 3.1 a to d), one of the
greatest specimens of all time (Wigginton, Battle McCarthy 2000). Since then, various developments in
building technology had contributed to its emergence as THE status symbol in the business world. The
modern skyscraper came about when the Jenney Home Insurance Building (see figure 3.2) used a steel
support system with masonry components. It eliminated the need for load-bearing masonry walls and freed
up space for other purposes. The United Nations Secretariat and the Lever House Building in New York are
the first buildings in the city to use glass curtainwalls (McLaughlin 2000). Most buildings now are composed
of 40% - 50% glass (Whitson 2002), and the newer and sleeker and more transparent glass skyscrapers
have become the icon of any major business in the world: the LVMH Tower representing the luxury goods
empire of Louis Vuitton-Most Hennessy, the John Hancock Building of John Hancock Insurance, Bank of
China represented by its Hong Kong headquarters, and many others. While the use of glass in buildings
resulted in a contemporary, progressive image, it also contributed to their massive energy consumption.
Figure 3.1a. Crystal Palace Perspective
Source: Donald, Vikram, MCHG McGill University, Montreal
Figure 3.1b. Crystal Palace South Entrance
Source: Donald, Vikram, MCHG McGill University,
Montreal
Figure 3.1c. Crystal Palace Elevation Overview Figure 3.1d. Crystal Palace Interior
Source: Great Buildings Online, by Delamotte. Source: Great Buildings Online
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The fagade is meant to act as the mediator between the outside environment and the comfortable
interior spaces of a building. But it became a source of inefficient energy usage and user discomfort
instead. With the oil crisis of the 1970s, to counteract against loss of energy, buildings were sealed tightly to
improve energy efficiency. Unwittingly, though, this contributed to the deterioration of air quality inside the
building.
HISTORY OF THE DOUBLE SKIN FACADE
The problem, though, is not without a solution. The emergence of the double skin fagade, one of
the more advanced fagade systems now in use promises the potential of mitigating these problems. It is a
solution that had existed for years, shortly after the creation of the Crystal Palace, the world's first glass
building. In 1860, a solution was proposed that used the greenhouse principle. In the Gardeners Chronicle
in the UK, Jacob Forst suggested that south facing glass walls creating sunspaces could be used to grow
fruit, and would provide "an admirable arrangement for house ventilation". His idea was to circulate the air
warmed by the greenhouse effect though the building behind (Wigginton, BattleMcCarthy 2000).
Meanwhile, Le Corbusier used
his own version of a double skin fagade
in his Villa Schwob (see figure 3.2) in La
Chaux de Fonds in Switzerland. This
was in 1916. He used very large
windows with heating pipes between the
two layers of wall. This is to prevent
down drafts. In 1931 though, he
visualized a much more complicated
system for the Cite de Refuge (see figure
3.3) in Paris. He conceptualized two
different systems, the "murs
neutralisanats" and the "respiration
exacte" working together. The "murs Figure 3.2. Villa Schwob in La Chaux de Fonds, Switzerland
Source: University of Washington, photo by Meredith Clausen.
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neutralisants" would be the double wall
that would be maintained at 180C, while
the "respiraton exacte" is the mechanical
ventilation system that will blow hot air or
iced air between the walls to maintain the
temperature (Banham 1969). The
system was tested rigorously by St.
Gobain, a French glass manufacturing
company. The test engineers concluded
that the system would work better with a Figure 3.3. Cite de Refuge, Paris, FranceSource: Arquiqu6
third layer of glass trapping still air
(Wigginton, Battle McCarthy 2000).
In 1957, EKONO of Sweden got the first patent for an airflow window. The company would also
build the first office building to use airflow windows in 1967 (Arons 2000).
The first real double-skin fagade
building was the Wallasey School (see
figure 3.4), built in 1961. It was designed
by A.E. Morgan. It is comprised of two
glass walls spaced 600mm apart. The
outer one is clear and the inner one is
translucent, some panes backed by
reversible panels: black or polished
aluminum. By manipulation of these
reversible panels, control of solar heat is
achieved: absorption by using the black
side or reflection by using the aluminum
side (Wigginton, Battle McCarthy 2000).
Figure 3.4. St. George's Wallasey School
Source: Battle McCarthy
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Despite all these early
developments, the idea never really
caught on. The primary reason was that
energy costs of that time were not high
enough to warrant concern. Meanwhile,
human comfort has been maintained by
the extensive use of air conditioning
systems.
Briarcliff House (see figure 3.5)
at Farnborough was the first widely-
publicized use of a double-skin fagade
(Hannay 1984). It is comprised of two
layers of glass, with an adjustable
sunshade in between, open all the way
through the three-story height of the
structure. The outer fagade is open to
the outside at the bottom to let in outside
air and at the top is connected to the air
handling unit on the roof.
The Hooker Building (see figure
3.6) at Niagara Falls, by Cannon Design
Group, was built during the energy crises
of the 1970s. It was one of the first
buildings honored with the Environmental
Protection Agency's Energy Star. It
takes in outside air at from the bottom of
the fagade and with the heating up of the
interior cavity, the air exhausts out of the
top of the fagade.
Figure 3.5. Briarcliff House, Farnborough, UK
Source: Arup Associates
Figure 3.6. Hooker Building Fagade Diagram
Source: Progressive Architecture 1983
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The next developments came with the race between the RWE Essen and the Commerzbank to
become the first ecological high-rise building. These buildings will be discussed in more detail at the latter
sections of this chapter.
TYPO LOG I ES
For different purposes and functions, there are also different configurations of the double skin
fagade to satisfy them. To reduce misunderstandings, I would like to introduce some typologies and
terminologies used throughout the paper. The classification types are mostly based on Daniel Arons (2000),
but have also been modified to incorporate others' definitions and classifications.
The double-skin fagade [DSF] is sometimes also called twin-skin fagade, double-leaf fagade or
double facade. It usually refer to fagades that utilize natural convection to drive air through the cavity. In
contrast, the term airflow fagades or airflow windows refer to systems that utilized forced convection to
drive air through the cavity. But it has also been used to refer to fagade systems that utilize two wall layers
as described in the "History" section of this chapter. While it may also be used to refer to systems
composed of opaque laters, for the purpose of this paper, we will use the term double-skin fagade as a
general terminology to refer to all types of double-skin wall systems utilizing glass layers only.
Typologies can be classified according to the height of windows:
1. Airflow Fagade refers to double-leaf systems that are continuous for at least one story, meaning
with an inlet in one floor and the outlet on another floor. The Hooker Building uses an airflow
fagade (see figure 3.6).
2. Airflow Window refers to double-leaf systems that have their inlets and outlets on the same floor.
They are discontinuous over the height of the building, divided into sections with a maximum of
one-story height. For diagrams of airflow windows, see figures 3.7a to d.
Typologies can be classified according to the type of airflow through the cavity:
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1. Double-Skin Fagade is the terminology usually referring to those that utilize natural convection to -
drive air through the cavity. But more often than not, they are also used to refer to double leaf
systems in general.
2. Airflow Fagade / Window is the terminology that refers to systems that use forced convection to
drive air through the cavity.
Typologies can also be classified according to the direction of the flow of air through the cavity:
Figure 3.7a. Inside Ventilated Figure 3.7b. Outside Ventilated
Source: Arons 2000 Source: Arons 2000
out i out in
Figure 3.7c. Hybrid Supply Figure 3.7d. Hybrid Exhaust
Source: Arons 2000 Source: Arons 2000
1. Inside Ventilated DSF systems have sealed outer walls. Air is driven from the interior and out to
the return plenum. This kind of configuration means it is tied to the mechanical ventilation system
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of the building. Typically single glazing is used for the inner leaf and double glazing is used for the
outer leaf. See figure 3.7a.
2. Outside ventilated DSF systems have sealed interior walls. Air comes in through an inlet and is
pulled through an outlet to the outside again. Glass layering is the reverse of the inside ventilated
configuration. Typically double glazing is used for the inner leaf and single glazing is used for the
outer leaf. See figure 3.7b.
3. Hybrid Supply DSF systems have air supply that comes in from the outside for natural ventilation
and supplied into the interior spaces. See figure 3.7c.
4. Hybrid Exhaust DSF systems have air from the interior of the building being exhausted through
the cavity and to the exterior. See figure 3.7d.
OPERATIONS
The problem of excessive heat gain in glass fagades is mainly due to the fact that once solar
radiation passes through glass, it is re-radiated at longer wavelengths and will not be able to pass back out
through the glass. The heat stays trapped inside and requires more mechanical cooling to regulate.
The double-skin fagade works by trapping the heat between the interior and exterior layers of the
glass envelopes. This prevents the long-wave radiation that has penetrated the first layer from penetrating
the interior spaces, and thus, decreasing interior heat gain or heat loss.
In winter, there are two ways in which this can be utilized to advantage. The cavity can be sealed
and thus, the additional heat that collects in the cavity would be beneficial in keeping the interior spaces
warmer and thus, reducing the load on the HVAC system of the building. A second method would be to
allow the interior warm air to exhaust into the cavity before joining the return system (Arons 2000).
Meanwhile, in summer, heat gain within the cavity will be removed by allowing air to penetrate the
cavity. The air would carry away the heat and thus, minimizing heat gain in the interior spaces (Arons
2000).
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With the variations in typologies we have listed in the previous section, we see that operations are
not that simple. Variations have occurred by varying the airflow and the variations are strongly dependent
on specific building conditions, such as climate, and occupancy.
CONTROL
Blinds are one of the parts of the system that is potentially in need of the most maintenance. Some
studies project the life span of the blinds to be 10 years. Control method plays a role in the maintenance
and replacement of blinds. Manually-controlled blinds are more prone to maintenance problem and have
shorter life spans. Automatically-controlled blinds are less prone to wear and damage. Automatic controls,
in this sense, means not controlled manually, but by using an electric mechanism. Other more sophisticated
forms of automatic control can involve centralized solar controls that adjust blind positions according to the
incident light. While solar controls may prove to be more energy efficient, they also come at a higher cost.
PERFORMANCE
AESTHETICS
Institutions and private companies, most especially energy-related industries, have used the
appearance of the fagade to carry their environmental banner. Use of a DSF contribute a great deal to this,
by providing a transparent visual image.
In the design of Levine Hall at the University of Pennsylvania, the primary criterion was that the
design of the extension create a statement about the School of Engineering, which it will be housing.
Conceptualization resulted in a design that called for transparency. While different options for curtainwall
systems were evaluated, DSF was able to achieve the desired aesthetic requirements, while complying with
the stringent energy code requirements of the state. The same performance level could have been
achieved with a conventional curtainwall, but in order to satisfy insulation, spandrel glass had to be used.
The client was given a choice and opted to use a DSF to avoid the unsightly horizontal lines going across
the building fagade that would compromise the clean look they wanted (Maimon 2002).
DOUBLE SKIN FAQADE 3
ENERGY and ENVIRONMENT CONSERVATION
The Gartner Company claims that the use of a double-skin fagade saves natural resources by
reducing energy consumption during the life of the building (Arons 2000). Reduction of energy means a
reduction in greenhouse gas emissions. This new type of building envelope has been credited with
reducing energy consumption of the building by as much as 30% (Arons 2000).
NATURAL VENTILATION
The use of a DSF system in a high-rise building is the only way natural ventilation can be provided
to these spaces, with the overly strong wind at the top of the building. A double skin can allow for natural
ventilation for 40 - 70% of the time, while a seven-storey building can do that without trying.
ACOUSTIC BUFFER
Studies conducted by Drees & Sommer, environmental engineers in Stuttgart, shows that the use
of DSF improves sound insulation properties by 5 to 30 decibels, depending on the floor layout (Uuttu 2001).
Studies by Permasteelisa, a DSF manufacturer, indicate a lower noise reduction: about 9db. Nonetheless,
9dB of noise reduction is enough for the sound level to be halved and perception of reduction to be "clearly
perceptible" (Stein, Reynolds 1987).
REDUCTION of HVAC EQUIPMENT
The use of a double skin fagade reduces heat gain in summer and heat loss in winter. Because of
this, the peak loads on the HVAC system can be reduced, and this allows for a reduction in the sizing of the
HVAC equipment. On the other hand, with the use of a DSF, there is less heat transmission between the
perimeter zone and the exterior environment. This results in less temperature difference between the
perimeter of the building and the interior spaces. In the case of Levine Hall, this allowed the designers to
eliminate perimeter heating and savings were realized through the reduction of radiators below the windows
and ducting supplying air to these areas. These savings partially offset the increased cost of the fagade
system. Overall project cost was about $16M, while the fagade system cost $2M (Maimon 2002). This is
only 12.5% of the overall project cost, while typical projects would spend approximately 25% of the
construction budget on the fagade. But being a renovation and expansion project, the construction logistics
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is more complicated than a typical construction. The reduced cost of fagade as a percentage of
construction can be attributed to an increase in construction cost, rather than to a savings in fagade capital
investment.
EUROPEAN PROJECTS
Figure 3.8a. RWE HQ exterior Figure 3.8b. RWE Headquarters DSF section
Source: Herzog 1996 Source: Herzog 1996
Figure 3.9. Dusseldorf Citygate
Source: Herzog 1996
Figure 3.10. RWE Headquarters DSF section
Source: Foster and Partners
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AMERICAN APPLICATIONS IF IFI 11
Figure 3.11 a. Levine Hall, University of Pennsylvania Figure 3.11 b. Levine Hall fagade model
Source: KieranTimberlake Associates Source: KieranTimberlake Associates
Figure 3.12a. Genzyme Headquarters, Cambridge, MA
Source: Behnisch, Behnisch and Partners
Figure 3.12b. Genzyme Headquarters, Cambridge, MA
Source: Behnisch, Behnisch and Partners
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METHODOLOGY CRITERIA
In order to accomplish the objectives setout by this thesis, we have to maintain certain criteria for
our analysis methodology. These criteria will guide and serve as a standard to ensure that an acceptable
level of reliability and detail is achieved.
INDUSTRY ACCEPTANCE
As this is intended to be a vehicle for promoting the understanding of building systems and
systems evaluation for development decision-makers, the study should be structured in such a way that
they are addressed as our intended audience. The methodology to be used has to be one that is familiar to
them. By using a common language, which in this case is in finance terms, and utilizing industry-standard
tools, we are using familiarity as a key to gaining acceptance. This strategy also enables the decision
makers to analyze the results in a more knowledgeable and instinctive way. They will be able to compare
and contrast the conclusions with their existing projects because they know that we are operating with the
same methodologies, assumptions, and limitations.
COMPREHENSIVE and INTEGRATIVE ANALYSIS
Real estate development is a multi-functional, multi-disciplinary, and multi-faceted industry. With
so many different parties being involved (Poorvu 1996), it is essential that the study be conducted in a
comprehensive and integrated manner. When we discussed the anatomy of the developmental process in
Chapter 2, we saw an overview of how the whole gamut of operations and management considerations
came into play.
The analysis of the financial and economic implications of office building delivery can be divided
into two levels:
1. Development Level
At this level, we are determining the factors associated with the overall development process,
such as ownership type, regulatory limitations, lease arrangements, financing tools, and their
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implications. It is a bird's eye view of the whole process. The analysis at this level deals with
the viability of the project, both as an independent property, and also of its contribution to the
quality of a company's property portfolio.
2. Building Level
At this level, the factors being analyzed are more detailed. They are factors associated with
the tangible building and their financial implications. They encompass space requirements,
construction costs, utility expenses, maintenance costs, replacement costs, and other related
issues.
The focus of this study is the financial implications of the choice of fagade systems. A building,
though, is functioning not just as a concrete entity in itself, but is a provider of service. Working within this
context, we cannot isolate one component of the building from the others. It is the whole suite of systems
acting as a unit that provides the services for which the project was built. As the 1970s demonstrated, an
emphasis on only one aspect of building without consideration for the others will result in inefficiencies in
other systems. Therefore, there should be considerations as to how decisions in one aspect affect the
others. Building evaluations that are conducted in an isolated performance area (e.g. acoustic studies in
factories, lighting in offices, heat loss in old buildings) with recommendations for action that will solve that
performance problem will potentially create three more in another system (Loftness, Hartkopf, Mill 1989).
The levels of performances of these systems in terms of quantifiable measures, such as thermal
comfort or air change rates, are to be evaluated in conjunction with other less quantifiable aspects, like
sociological, physiological, psychological and economic limits of acceptability (Loftness, Hartkopf, Mill 1989).
While it is equally important to consider these less tangible aspects of their performances, we intend to
narrow in on the economics with consideration for other aspects on a qualitative basis.
Taking the integrative analysis concept even further, we would also incorporate the effects of other
developmental factors. A successful building does not result from the work of just the design discipline in
isolation but rather is the result of a coordinated web of multi-disciplinary activities, of which a majority, is
neither under the umbrella of architecture nor engineering. These elements will factor substantially into the
cost-effectiveness of the project and are to be examined in considerable depth.
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An integrative approach to cost analysis such as this as opposed to an engineering design
approach is valuable. It is necessary to adopt a holistic view of the whole development process instead of a
piece-by-piece evaluation of components. While efficient, the "value engineering" approach that is
commonly used in project costing indiscriminately eliminates one aspect of the design that appears
"expensive" without consideration of the more encompassing implications that change will have on other
systems (Loftness, Hartkopf, Mill 1989). The fact is, the application of one expensive equipment or system
can, in certain instances, result in substantial savings in other systems. This is the value of the integrative
approach.
ACCURACY versus EFFICIENCY
A feasibility study, such as this, is best defined by renowned real estate educator James A.
Graaskamp as follows: "a real estate project is 'feasible' when the real estate analyst determines that there
is a reasonable likelihood of satisfying explicit objectives when a selected course of action is tested for fit to
a context of specific constraints and limited resources." (Miles, Berens, Weiss 2000) Each word in
Graaskamp's definition is relevant: there is no certainty in such studies and positive results derived from
these studies will not necessarily yield a successful project. While this is the reality of this methodology, it is
still the most widely-accepted and preferred option available for project evaluation. Because of this, dealing
with the margins of errors is a necessity that cannot be avoided.
On the other hand, accuracy comes at a price. The more time spent on setting up a model, the
more accurate it will be. But with time constraints and limited resources, it is necessary to balance
efficiency in the work against the time spent modeling.
COMPARATIVE ANALYSIS
The evaluation of the double-skin fagade technology aims to evaluate the performance of a new
system against an existing industry standard. To properly illustrate the advantages and disadvantages of
one against the other, a comparative analysis is necessary. By using the current standards as a basis of
comparison, we can then determine if this is a financially better alternative.
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FOCUS ON DIFFERENCES
To reduce the presence of noise in our evaluation that will cause distortion and confusion in our
analysis, we want to focus on the differences between the two systems. As mentioned before, such studies
leave much room for errors due to assumptions that have to be made. Therefore consideration of the level
of detail in the analysis is also vital. By focusing on the differentials in detail, and common components in
general, we can minimize these potential errors.
ANALYSIS TOOLS
In a real project, the feasibility study not only serves as a tool for affirming a developer's instinctive
concept for a project, but also helps to demonstrate to other participants the viability of the project. It helps
keep the project on track and organized and is considered an important management tool for providing risk
control over the various stages of the project (Miles, Berens, Weiss 2000). Knowledge is key to
minimization of risk or risk perception.
Level 1: ENERGY CALCULATIONS
Considering the priority and the level of analysis we are doing, it is essential that more time and
effort be spent on the analysis of development factors rather than on conducting a detailed HVAC system
design. Therefore, instead of doing an exhaustive HVAC systems design and sizing that is better left to
mechanical engineers who have superior expertise in this field, it would be more efficient to derive results
that are fairly representative of what actual measures would be, but are simpler and less time-consuming.
HVAC EQUIPMENT SIZING
Estimated costing can be achieved by consulting the R.S. Means Handbook without going through
systems design. Using simple Purchased Air simulations, we can obtain the peak Cooling Rate per Zone or
the Heating Rate per Zone. R.S. Means would list costing of whole systems, including thermostats and
equipment according to building types, height and cooling / heating rate of equipment.
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ENERGY CONSUMPTION
The biggest energy consumers in an HVAC system for a building are fans, chiller, and boiler.
Calculating the energy performance of each individual unit of equipment, even with the aid of a simulation
program like EnergyPlus, will be out of the scope of the analysis, take too much time and will be
unnecessary for the type of analysis we are doing. To simplify the consumption estimation, we will take
these three units of equipment that consume the most energy and then project their energy consumptions
according to the following relationships
CHILLER
Chiller energy consumption can be estimated by assuming a coefficient of performance [COP].
The equation for energy used is as follows:
COP = Q removed (3)
Qelectric
Transposing the equation, we will get
Q removed (4)Qelectric 
= COP
Qremoved is the amount of heat energy removed from the space being modeled on an hourly
timestep over a year. By applying the equation, this value can be converted into an hourly equipment
energy consumption value. This, summed up over the year will yield an annual equipment energy
consumption.
BOILER
Boilers energy consumption can be estimated the same way as the chiller.
Qheating (5)
Selectricinefficiency
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Qheating is the amount of heat put into a space to heat it up to the desired temperature. By applying
the above equation, we will get the equivalent energy consumed by the boiler to provide the amount of heat
indicated.
FANS
Fan power can be calculated using this equation:
Po = Q * AP * E(1)
where Po is the power used by the fan
Q is the mass flow rate
AP is the pressure drop
E is the efficiency of the fan
By deriving the Po for the fan for the peak (or any other) design load, we can derive fan power for
an hourly timestep over a year using this second equation:
P1  P0  (2)
Q3  Q3
The results over a year can be summed and give us an appropriate equipment energy
consumption in watt-hour, which can be converted into a kilowatt-hour value.
Level 2: PROFORMA and DISCOUNTED CASH FLOW [DCF] METHOD
In the industry, one of the key financial analysis tools for lenders, investors and developers in
determining feasibility is the discounted cash flow [DCF] model (Miles, Berens, Weiss 2000). It combines all
relevant assumptions into a single estimate of present value and determines whether a proposed
development is worth more than it will cost to construct. This multi-period pricing principle is the basic
investment valuation framework. For a lender, it also indicates whether the asset will have sufficient value
as a collateral for a loan. This method is the basic concept behind this analysis. We are trying to compare
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the viability and financial soundness of a project incorporating high technology energy efficient technologies
with other systems that are designed to achieve the same performance objectives.
DCF is probably the single most important quantification procedure in real estate investment
analysis. It forecasts the future expected net cash flows from the property and determines and applies the
appropriate opportunity costs of capital as a discount rate (Geltner, Miller 1996).
The document that lays out the DCF forecasts is called a "proforma," from the Latin word "for form".
A proforma considers two categories of cash flows for a complete real estate analysis: operating cash flows
and reversion cash flows. Operating cash flows refer to those that result from the normal operations of the
property and reversion cash flows refer to those that occur at the time, or due to eventual sale of the
property.
The topline in a cash flow forecast analysis is the primary potential source of revenue, the
potential gross income [PGI] or rent roll. These figures can be based on rent comps analysis1. Because
we cannot reasonably expect our property to be fully leased at all times, allowances have to be taken for
vacancy. This estimate is called the vacancy allowance. This takes into consideration not only the units
that will not be leased out at any one time, but also the time when a unit will be left vacant between lease
turnovers.
The next major line item is the operating expenses. These are the expenditures occurring
regularly associated with the operations of the property, including maintenance expenses, utilities,
management fees, insurance and real estate property taxes. The energy cost implications will come into
effect at this item. Any potential savings or additional maintenance expenditures due to these systems will
be incorporated here, after calculations conducted using the Life Cycle Cost Assessment method [LCCA].
The items that will be inputted are dependent on the conditions outlined in the tenant lease agreement.
The result of the subtraction of the operating expense from all the sources of revenue (rental
revenue - vacancy allowance - operating expenses) will yield us a figure called the net operating income
[N01]. This is the most widely-used indicator of the net cash flow or profit-generating capability of the
1 "Comps" stand for comparable buildings. This method is a standard procedure used by commercial appraisers.
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property (Geltner, Miller 1996). It is also considered the property's net cash flow, and thus is the basis of
the valuation of a property.
From here onwards, the analysis splits into two branches: the left branch indicates the actual cash
inflows and outflows of the property, while the right branch indicates the amount of tax owed to the
government. This illustrates the major distinction between real estate and other fields: real estate
operations may generate a positive cash flow while also showing a loss for income tax purposes (Harvard
Business School 1979).
In calculating cash flows, the cash method is used. Income is recognized in the taxable year in
which payment is received and expenses recognized in the year in which they are paid off (Harvard
Business School 1979). From previous calculations, the NOI does not take into consideration capital
improvement expenditures and tenant improvements costs. Capital improvement expenditures include
overhaul of the HVAC system, re-roofing, and other major replacement expenses. Because this
expenditure is on the cash outflow column, it is not deductible from taxes, except by accrual method through
depreciation, on the right branch. Meanwhile, tenant improvement expenses are incurred during turnover
of a leased space. When these items are deducted from the NOI, we get the property-before-tax-cash-
flow [PBTCF] and this figure is considered the overall operating bottomline (Geltner, Miller 1996).
Payment of debt service and income tax also have to be considered. Debt service payment
takes up a big percentage of the income from a project. The full amount (interest and amortization) is
deducted because it reflects the actual cash outflow upon payment. Meanwhile, income tax is calculated
using the accrual method on the right branch. The debt service and income tax impact are then deducted
from the PBTCF to arrive at the equity after tax cash flow [EATCF]. This figure is important to equity
investors, because this indicates to them what they get after all expenses, including debt service have been
paid off. This is their free-and-clear return on investment. Usually to evaluate the viability of a project, they
will divide the EATCF by the equity to arrive at the cash-on-cash return. This number indicates how much
they are getting back for each dollar they contribute. As Prof. Edward Marchant of Harvard University said,
"How much money will I get, and how much will it cost me?" This is the question which any investor will be
looking to be answered.
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Meanwhile, for the tax impact calculations, the accrual method is used. It aims at matching income
to expense. Income is recognized in the year in which all conditions that determine the taxpayer's right to
receive it are met (Harvard Business School 1979), while expenses are recognized when the income
associated with it has been recognized, too. Debt service payments are deductible from the taxable
income, but only up to the value of interest payments. Amortization payments are not considered deductible
because they contribute to the increased equity value of a property and thus, are not expense.
It is during the calculation of tax impact that depreciation expenses come in. It is not an actual
cash outflow, but rather, a tool for the government to improve the returns on real estate investments and
encourage more developments. At present, commercial projects' capital expenses are being depreciated
over 39.6 years.
The flowchart below summarizes the methodology for doing a proforma from Potential Gross
Income to After Tax Cash Flow.
Potential Gross Income [PGI]
-Vacancy Allowance
= Estimated Gross Income [EGI]
-Operating Expenses
= Net Operating Income [NOI]
Cash Flow Tax Impact
-Capital Improvements - Debt Service (interest only)
= Property Before Tax Cash Flow [BTCF] - Depreciation
- Debt Service (interest + principal) = Taxable Income
- Income Tax x investor's income tax rate
= Equity After Tax Cash Flow [EATCF] = Income Tax due
Figure 4.1. Operating cash flow forecast flowchart.
Source: Geltner, Miller 1996
The forecast does not end here, though. The reversion cash flow should also taken into account.
In a typical 10-year DCF valuation, it can account for about a third of the present value of a property, but
usually well less than half (Geltner, Miller 1996). Typically, the project sales price would be based on the
NOI of the year after the sale period divided by an assumed reversion cap rate2. The resulting number will
2 Also called a going-out cap rate or terminal cap rate.
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be the gross sales price for the property. Based on this method, we can see that the NOI, and implicitly, the
operating expenses, factor in a great deal in the value creation of a property. This method is also the
appraisal method used by the industry (Trevisani 1999). From this gross sales price, we deduct selling
expenses incurred in selling the property, such as legal fees and brokers' fee. The balance after sales
expenditures will be the net sales price.
From the net sales price onwards, the proforma calculations again split off into two branches: the
cash flow and the tax impact. Analyzing our cash flow, we take out any outstanding mortgage balance
that has to be made before it can be liquidated and the income tax that have to be paid off the capital gains
from the sale. This capital gains tax impact will be determined in the right branch using the accrual method
of accounting. The resulting figure is the net cash received from the sale of the property.
On the right branch, we calculate the tax impact of the sale by deducting the net book value of the
property from the net sales price. The net book value is the original total asset cost minus the depreciation
taken over the period of ownership of the property. This net income before taxes will be used to calculate
the tax impact based on the capital gains tax rate. The diagram below illustrates the flow of calculations
from the gross sale price to the net cash from sale.
Gross Sale Price
-Selling Expenses
= Net Sales Price
= Cash Proceeds from Sale | = Capital Gains Tax Impact
Figure 4.2. Reversion cash flow forecast flowchart.
Source: Note on Taxation. (Harvard Business School 1979)
Cash Flow
-Outstanding Mortgage Balance
= Cash Flow
- Income Taxes
Tax Impact
- Net Book Value
= Net Income Before Taxes
x Effective Capital Gains Tax Rate
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Analysis Tool Box: COMPUTER SOFTWARES
Various tools, in the form of software, are available in the industry that will make our analysis faster
and easier. They were developed by different organizations and companies. Each program has its own
advantages and disadvantages. In choosing which one to use, it is necessary to conduct a preliminary
evaluation of the capabilities and limitations of each one.
ENERGY ANALYSIS
1. DOE-2
The DOE-2 program for building energy use analysis provides the building construction and research
communities with an up-to-date, unbiased, well-documented public-domain computer program for
building energy analysis. It was developed by Lawrence Berkeley National Laboratory, Hirsch &
Associates, Consultants, Computation Bureau, Los Alamos National Laboratory, Argonne National
Laboratory and University of Paris.
Advantages - User-friendly, and had been used by consultants for developers
- Building parameters can be easily changed to determine best option for improving
energy efficiency while maintaining thermal comfort
Limitations . Not structured towards high technology building systems, but rather towards more
conventional building systems
- Lack of expertise in the Building Technology Laboratory
2. EnergyPlus
The EnergyPlus software is the official building simulation software used by the US Department of
Energy [DOE] (USDOE 2001). It is an energy and thermal load simulation program that developed out
of the energy crises of the 1970s. Based on a user's description of the building, it can calculate heating
and cooling loads necessary to maintain a specified thermal control setpoints, HVAC systems and coils.
It is now slowly replacing DOE-2 because it incorporates the best features of DOE-2 and another
program called BLAST.
Advantages - Very suitable for research work because of the convenience in changing
programming
- Permits user to easily plug in new code
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- Easy to revise and modify specific building elements for sensitivity analyses
- Expertise of current Building Technology Laboratory students in the software
makes learning and troubleshooting easier
Limitations - Inconvenient, and bare user interface
3. eQuest
eQUEST® is supported as a part of the Energy Design Resources program which is funded by
California utility customers and administered by Pacific Gas and Electric Company, San Diego Gas &
Electric, and Southern California Edison, under the auspices of the California Public Utilities
Commission. It is an enhanced version of DOE-2, incorporating a building creation wizard, an energy
efficiency measure (EEM) wizard, and graphical reporting with a simulation "engine" derived from the
latest version of DOE-2 (Energy Design Resources 20023).
Advantages - Very user-friendly and easy to use
Limitations - Not structured towards high technology building systems, but rather towards more
conventional building systems
- Do not incorporate more innovative building systems, do not allow for
customization
Tool of choice: EnergyPlus will be used because of the flexibility in incorporating new systems. While it
is not the more commonly-used tool in the industry, it enables us to explore more design possibilities. The
other tools do not allow for such convenient adaptation of new systems. The availability of support and
expertise in the department might prove more useful than the user-friendly interface of the other programs.
FINANCIAL EVALUATION
1. Microsoft Excel Spreadsheet
2. EVALUator
Southern California Edison uses software called EVALUator. It is a simple financial calculator that
accepts such inputs as initial capital expenditures, annual expenditures, replacement schedules, rental
income, and others. It will use the discounted cash flow model to evaluate the cash inflow and outflow
3 http://www.energydesignresources.com/tools/equestlequest-background.html.
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of the project. These factors will then be calculated using two possible scenarios: developer-owned
project or owner-occupied project. This will yield a quantitative result in a cash flow form. It will show
the amount of money we expect to receive every year based on the inputted figures.
Advantages - Very general that it can be applied for any kind of development project
- Useful tool and allows for flexible applications
Limitations . System is not very sophisticated and necessitates the user to calculate most of the
figures and input them in
3. Quikscope
The EPA pioneered the EnergyStar program, which promotes green building through the award of the
EnergyStar label. Today, the EnergyStar sign can be seen on almost anything, from lightbulbs to
computer monitors to whole commercial office buildings. Operating upon the same motivation, and
recognizing the role economics play in real estate decision-making, EPA developed a program called
Quikscope that deals with issues of financial costs and benefits in green developments. It calculates
cash flows based upon operating costs, lease terms, rental income that the user will input. It
accomplishes the same things as the EVALUator and is also based on the DCF model.
Advantages - Functions like EVALUator, but with options that allow users to calculate upgrades
and allows them to compare fiscal performances of different financing scenarios
- Allows the user to make side-by-side comparisons of different options
Limitations . A simple program that requires the user to calculate most other figures before
inputting into the program
Tool of choice: Microsoft Excel worksheet for life cycle costing and other inputs.
READING THE RESULTS
Due to the level of variability in the figures, the analysis is set-up to enable a comparative study as
opposed to an absolute figure. We would be dealing with relative figures of performances of one system
prototype against another. This could be achieved by setting up a base building prototype with various
building parameters and development conditions. A system will be compared to one another based on a set
of similar base assumptions.
DSF PERFORMANCE in the CURRENT MARKET 5
The benefits of using a double-skin fagade have been highlighted often and discussed in detail in
Chapter 4. But when we start considering the development process in conjunction with the building systems
selection process, how does a DSF system perform? Undoubtedly, the most critical issue is cost, and this
fact has been stressed enough throughout this study, but other factors also play a role in its feasibility and
its selection (or non-selection) as the fagade system of choice for a commercial office building.
By using the analysis methodology laid out in Chapter 4 as a guideline, we will investigate the
possibility and appropriateness of using a DSF system in various building and development conditions that
might occur in the current market.
THE MODEL
When we consider the objective of the study, we would want to come up with a base building that
incorporates the features of a building that will have the greatest impact on energy issues and, at the same
time, is representative of the market trend. These determinations will be made according to statistics at
hand1.
The model will be based on a commercial office building located in the northeast region of the US.
The northeast was chosen because, while it has the least number of office buildings, these buildings include
the tallest ones (see Appendix A.2). CBECS (2000) statistics also show that the tallest buildings, those are
at least 50,000 sq ft (4,645 sq m) have the most intensive energy use of all building types. Within the
region, Boston was selected as the representative city.
Further analyses could be conducted using the same methodology and applying it for the analysis
of other buildings types and regions.
The building model used for our exploration is a 10-story commercial office development. Each
story has a floor plate area of 1,038 sq m (11,172 sq ft) for a total floor area of 10,383 sq m (111,718 sq ft)
1 See Appendix A and Appendix B for statistics on commercial offices and energy consumption.
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over the whole building. The plan is 15.8m (52 ft) deep, which reflects the average floor plan depths of
American offices, which is between 15m to 20m (49 ft to 66 ft) (Arons 2000). The north and south
elevations are 100% transparent; while the east and west elevations are broken up by one stair core each,
making them 64% and 90% transparent respectively. The amount of curtainwall exposure was maximized
to allow for the greatest possible effect of fagade system performance. We will derive the advantages and
disadvantages of the double skin fagade by using a financial barometer. We will be comparing the
performance of a building using a conventional fagade system with one using a DSF system. See Appendix
C for floor plans and elevations of the building prototype with a conventional fagade and Appendix D for a
double-skin fagade.
FAQADE SYSTEMS
Conventional Fagade Double Skin Fagade
itr I
aII
Figure 5.1a. Conventional Fagade Diagram Figure 5.1b. Double-Skin Fagade Diagram
Source: Lang 2001 Source: Lang 2001
CONVENTIONAL FAQADE
A curtainwall fagade is composed of two components: the glazing and the framing. The typical
fagade glazing system we will use for our model is a double-glazed curtainwall composed of 2 layers of
6mm low-emissivity glass with an air gap between them.
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Framing systems vary widely in complexity. The simplest is the conventional system using the grid
system with exposed metal mullions. It is the least expensive, costing about $50 per surface sq ft.
Meanwhile, one of the most complex ones uses point support for the glazing, and the cost for this system
can cost higher than a DSF system (KieranTimberlake Associates 2000) (see Appendix E). Variations in
the framing system can result in a wide range of prices, therefore, sensitivity analyses based on variations in
framing systems will lend us a more comprehensive understanding of fagade performance.
DOUBLE-SKIN FAQADE
In the discussion of DSF systems in Chapter 3, we had classified them according to the airflow
patterns. A more comprehensive analysis will result with models of all four patterns, but the limitations of
the energy simulation programs at hand will not allow us to do so. Airflow patterns that are dependent on
natural ventilation and buoyancy effects are not incorporated in the program's code. To attempt energy
models without consideration of this limitation will lead to inaccurate results and thus compromise the quality
of our work. Therefore, our analysis will be limited to a DSF system utilizing an interior ventilated airflow
pattern.
Because of our choice of airflow pattern, the double-skin fagade glazing will be composed of a
double-glazed low-e glass on the outside and a single low-e glass on the inside, with the two leaves spaced
a meter apart and the cavity serving as a maintenance catwalk (see figure 5.1b).
ENERGY MODELLING
In running an energy simulation, it is necessary for an analyst to distinguish between efficiency in
modeling versus accuracy and precision in the results derived. Obviously, the more time that is spent in
creating the model, the more accurate the results. If we compare the scale of the values, utility expenses
for office buildings are in the range of $1.77 per sq ft per annum (IREM 2000), while capital costs for
fagades are in the range of $96 to $130 per sq ft (R.S. Means 2002). Results from the energy modeling
would be 1.8% to 1.4% of the overall capital cost. It will be necessary to reduce the detail in modeling work
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to achieve efficiency in analysis and focus on the primary objective of the study, which is the development
finances.
ZONING METHOD
Preliminary runs were conducted testing zoning methods to try to achieve the most efficient way of
modeling the building without creating significant variations in results. The primary concerns were the
proper representation of thermal zones, and the solar absorption on the various materials, both on the inside
and the outside of the structure. Initial runs conducted by running simulations to derive annual energy
consumption on various zoning methods yielded results shown in Figure 5.2.
zoning2
3 zones
vertical
3 zones
horizontal 1 zone
3 zones
horizontal
3 zones
horizontal
stair model L-shape L-shape L-shape square none
Summer Cooling Energy Joules 1.671 E+1 0 1.499E+10 1.500E+1 0 1.417E+1 0 1.538E+10
Winter Heating Energy Joules 2.072E+10 2.094E+10 2.144E+10 1.991E+10 1.992E+10
Summer Cooling Energy / m2 J / m2 1.673E+06 1.501 E+06 1.502E+06 1.419E+06 1.540E+06
b.z. uompansons oT zoning metnoas ana stair moaeis - 'nase 1.
The results show that variations in zoning would result in differences ranging from 1% to 15%. If
this were to be evaluated according to its effect on the final analysis, this difference will contribute a
difference of 0.018% to 0.27% (1% x 1.8%, and 15% x 1.8%) of the total project cost, which is very minimal.
The 3-zone (vertical division) model was used as the basis for comparison because of the solar absorptive
qualities of the story floors was perceived to be an integral contributor to the energy consumption of the
building. It was initially decided that a 1-zone model would be an acceptable model to use for purposes of
our study. Further investigation, though, indicated that using a 10-story model would make a substantial
difference in energy results (see Figure 5.3). The difference in cooling energy consumption was not
substantial, but the difference in heating consumption is 72%. This could potentially cause a variation of
2 See Appendix F for diagrams of zoning and stair models.
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1.3% (72% x 1.8%) for every square foot of capital costs. Therefore, the final decision was to use a model
with 10 thermal zones, each representing a story (see Appendix F).
Fagade Plan 1 Si gle Skin
Modelling Method 10-zone 1-zone
Zoning Type 4 3
otal Cooling Consumption
kWh 2.27E+05 2.45E+05
kBTU 7.75E+05 8.36E+05
kWh / ft2 2.11 2.28
kBTU / ft2 7.21 7.78
TtlHaig Consumption
Thems5.40E+03 1.53E+03
kBTU 5.40E+05 1.53E+05
Therms /ft2 0.05 0.01
kBTU /ft2 5.03 1.42
Figure 5.3. Comparisons of zoning methods and stair models - Phase 2.
SIMULATION CONDITIONS
Some important simulation parameters are listed below. Other details can be referenced from the
IDF file used in EnergyPlus (see Appendix G).
VENTILATION REQUIREMENTS
The ventilation rate used for the model is in accordance with ASHRAE Standard 62-1989,
Ventilation for Acceptable Air Quality (See Appendix G). Performance specifications for office occupancy
are 1 OL per person per second (0.00944 cu m per person per second).
HEAT GAIN
For our calculation of heat gain from occupants, we used a standard of 9.4 sq m per worker. This
figure is based on the Building Officials Code Administrator Standards.
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For heat gain from office equipment, we used 1oW per sq m.
Standards for medium-load office spaces.
This is based on the ASHRAE
DSF CONFIGURATION
40
35
30
25
-- Single Leaf Facade
C2 -U- DSF with blinds
15 DSF without blinds
10
5
0
0 4 8 12 16 20 24 28 32
L/ sec / person natural air supplied
Figure 5.4. Annual heating energy consumption per sq ft of different fagade systems
The diagram above compares the performance of different fagades in winter heating. The results
indicate that the performance of a DSF system without blinds is better than one with blinds. Being glare-
controlled, the blinds manage to block sunlight that provides extra heating for the interior space. But with
the vast amount of curtainwall surfaces in the office space, the addition of blinds is necessary for visual
comfort. We also notice that as the rate of ventilation increases, the conductive effect of the blinds in the
cavity becomes insignificant.
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10
9 - -
8 -.. - -...- ..- .. -
6 - - -
-+-- Single Leaf Facade
5 -U- DSF with blinds
4 . - DSF without blinds
2
0
0 4 8 12 16 20 24 28 32
L/ sec I person natural air supplied
Figure 5.5. Annual cooling energy consumption per sq ft of different fagade systems
For cooling, a DSF with blinds perform better than one with blinds. The blinds manage to block
extra heat from entering the office space, while at the same time, preventing glare in the workspace. The
performance of a DSF decreases as the rate of airchange increases. Because of the higher cost of cooling
and the higher impact of DSF on cooling reduction, the use of a DSF with blinds will be chosen over one
without blinds, even though the latter demonstrates superior performance in reducing heating energy
requirements.
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VALIDATION of SIMULATION RESULTS
Plan 2
10 zones
Single Leaf DSF no blind
Total Cooling Consumption
kWh
kBTU
kWh / m2
kBTU / m2
kWh / ft2
kBTU / ft2 9.1 8
Percentage Difference (with
northeast bldgs)
Percentage Difference
(with conventional facade)
Total Heating Consumption
Therms
kBTU
Therms / m2
kBTU / m2
Therms / ft2
kBTU / ft2 24.3 8.28,42
Percentage Difference
((with northeast bldgs)
Percentage Difference
(with conventional facade)
Figure 5.6. Comparison of Simulated Building with Existing Buildings' Energy Consu
DSF w/ blinds
1.03E+05 7.75E+04
3.51 E+05 2.64E+05
16.48 12.52
56.23 42.73
1.53 1.16
5.23 3.97
28% 46%
3.13E+03 5.21E+03
3.13E+05 5.21E+05
0.50 0.84
50.08 84.19
0.05 0.08
4.65 7.82
45% 13%
nption
The second and third columns represent statistics from the Energy Information Administration, and
will serve as a basis for comparison to determine the validity of our simulation results. The last three
columns catalog the results from our EnergyPlus energy simulation. The second column is from the BTS
Core Databook (see Appendix 1). The BTS Core Databook statistics cover all commercial office buildings
larger than 1,000 sq ft and does not distinguish according to age, region nor energy use. Meanwhile,
3 From the Energy Information Adminstration's Office of Building, Technology, State and Community Programs [BTS]
Core Databook. Figures represent national averages of all office buildings.
4From the Energy Estimation website of the Energy Information Adminstration. Figures are representative of office
buildings in the northeast region of the US, built between 1990 - 1995 only.
Floor Plan
Fagade
1995 Commercial
Energy
Consumption
Intensities3
Northeast
Buildings
built in 1990 -
19954
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column three data from the EIA Energy Estimation Webpage can be selectively chosen according to our
building specifications. The energy statistics included here are for buildings in the Northeast, built in the
1990s, and using the same fuel type as our building (see Appendix J.1 for complete results). Our
simulation results are showing 20% variation in cooling energy consumption, and 65% in heating energy
consumption. Meanwhile, our results are showing much smaller deviation from the EIA statistics. This
indicates an improvement in the quality of buildings produced in the 1990s. Statistics from the EIA Energy
Estimation Webpage for buildings in the Northeast, built from the 1950s to the 1990s (see Appendix J.2)
show results very similar to the BTS Core Databook figures.
Energy consumption results confirm our DSF performance analysis. In cooling, the DSF with
blinds perform consistently better than all other systems, consuming about 46% less energy than a
conventional fagade. But in heating, a DSF system without blinds perform better, with 45% less energy
consumption than a conventional system (see Figure 5.6).
ENERGY COST CALCULATION
Energy cost
charge schedule and
shown below':
was calculated using rates structured by NStar. (See Appendix K.1 for electricity
Appendix K.2 for gas charge schedule.) Our utility cost summary for building 1 is
Conventional DSF
per sq ft total per sq ft total
Cooling Energy $1.13 $ 126,675.47 $0.48 $ 53,537.50
Gas Consumption $0.05 $ 5,486.20 $0.04 $ 4,167.20
Maintenance $0.10 $ 11.171.79 Mn012 P 13 166nn
Figure 5.7. Annual operating expenses for Building 1.
5 For detailed calculation of energy charges, see Appendix L.
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CONSTRUCTION COST CALCULATION
Conventional DSF
Unit Unit Cost Total Units Total Cost Unit Cost Total Units Total Cost
1.0 Curtainwall
1.1 Conventional sqftsurf 100 39,769 3,976,896 100 11,221 1,122,053
1.2 DSF 200 28,548 5,709,686
2.0 Mechanical
2.1 Boiler unit 3430 MBH 52,700 52,700 2600 MBH 46,200 46,206
2.2 Chiller unit 335 tons 230,000 230,000 165 tons 101,200 101,206
SUBTOTAL 4,259,596 6,979,139
Contractor's Fees 25% 1,064,899 25% 1,744,785
SUBTOTAL 5,324,495 8,723,924
Location Modifier 1.15 6,123,169 1.15 10,032,513
Total Cost Difference 3,909,34
Cost per square foot 55 8
Difference per square foot 1__ 34
Figure 5.8. Additional capital investment cost for a DSF system.
ENERGY SAVINGS
How real is it?
One of the primary arguments used to promote energy efficient measures is the energy savings
that can be achieved. While this has been proven to be real with the more simple energy efficiency
strategies, the higher cost of newer, high technology / high-performance systems might prove otherwise.
Using our building prototype with an extensive application of curtain wall systems, our results indicate that
energy savings are indeed real. They are approximately of $0.64 per square foot6 annually for both heating
6 See Table 5.4 for summary of calculations, and Appendix __ for detailed calculations. This figure incorporates
additional expenditures in maintenance due to the DSF system. This appears overly optimistic compared to results
derived from other studies. Unfortunately, without more information available on the estimation methodology of other
studies nor their basis of comparisons, it will be difficult to determine the reliability of one set of data over another.
Results on sensitivity tests of various levels of energy savings can be seen in Appendix M.1.
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and cooling expenses. This may not seem much, but in a 100,000 square feet building, this will mean an
increase in the Net Operating Income [NOI] of $64,000 a year. This figure by itself would appear to be
motivation enough to use a DSF in our buildings.
But capital investments have to be made to yield a certain amount of profit. In the case of a DSF
system, money has to be spent on capital costs for the system: curtainwall support and framing, glass, etc.
DSF systems cost vary greatly and can range from as low as $100 to as high as $250 per surface square
foot, while standard conventional systems' cost range from $50 to $300 per surface square foot
(KieranTimberlake Associates 2000). The cost of a conventional system swing widely, varying much
according to the complexity of the system and its level of customization (See Appendix E). DSF systems
usually cost about 30% more than special customized system. That does not sound like a lot, but that will
amount to an increase in capital expenditures on the curtainwall system of about $15 - 34 / square feet of
floor area7.
Therefore, to more accurately represent the achieved energy savings, it will be important that a
comparison be made against initial capital costs. Comparisons of energy savings to capital investment can
be done using financial numbers: internal rate of return, net present value, return on investment and
payback period (Wu 2000). Comparing the energy savings to the capital investment required, the annual
energy savings are only 2% to 4% of the capital cost (see Appendix M.1).
Net Present Value - $11.71 - $ 30.71
Return on Investment* -22% -10%
Payback Period 23 years 53 years
Figure 5.9. Capital investment v. energy savings analysis for a DSF system.
7 See Figure 5.8 for cost calculations. This figure includes savings from reduction in HVAC equipment.8 See Appendix N for the determination of discount rate used.
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Looking at the negative figures in the above chart, it is not surprising that developers are not
exactly racing to take advantage of this great "investment" opportunity.
Because of the considerable gap between capital investment required and profit expected in the
current market, we find that energy savings cannot be the primary motivation in using a DSF system. At
the same time, because of this reason, most of the other benefits that could be derived from using a DSF
system are not sufficient to induce its application. For certain purposes listed below, it will be better to use
other technologies or strategies to achieve the same objective due to reasons of cost.
ACOUSTIC BUFFER
While good acoustics are good reasons to use a DSF, equivalent or even better performance could
be achieved by using other solutions, at a lower cost. Such solutions would include using a exterior wall
insulation, solid walls, white noise masking equipment, and many other less costly options.
SECURITY MEASURE
Like a DSF's function as an acoustic buffer, security as a design can be better achieved at a lower
cost using a different technology
REDUCTION of HVAC REQUIREMENTS
Using a DSF system does indeed contribute to a reduction in HVAC equipment. In our study, we
are achieving about 12% reduction in boiler capacity and 56% in chiller capacity. This translates to about
48% reduction in cost for chillers and boilers. This reduction, while significant, is only 4% of the capital
investment required for the DSF system and does not contribute significantly to its feasibility.
A E S T H E T I C S
While aesthetics might seem to be the most insignificant and least environmentally-impactive
benefit, it has been the primary motivation in the applications of a DSF. Existing applications of the DSF
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indicate that the primary motivation to use a DSF is to achieve a certain aesthetic and image in a building
that is characterized by transparency, while at the same time, needing to achieve a certain performance
criteria.
For the Levine Hall expansion of the University of Pennsylvania, the major design objective was a
contemporary, progressive image of the College of Engineering, which was to be achieved by transparency.
Issues of compliance with the Pennsylvania energy code necessitated the use of a DSF to achieve the
desired energy specifications and transparency. Because of this, the energy savings versus capital cost
issue became a secondary concern.
In the case of the Briarcliff House in Farnborough, the locality was noisy and users needed
acoustic buffering. But at the same time, a transparent image was desired for the building. This then
necessitated the use of a DSF to achieve both objectives.
NATURAL VENTILATION
This would probably be the one benefit of a DSF that cannot be achieved through the use of any
other system. For low-rise buildings, achieving natural ventilation is a simple matter of opening windows.
But for high-rise buildings, the solution is not as straightforward. Simple opening of a window will cause
excessive drafts and wind movements in the interior that will disrupt office activity. The use of a DSF will
allow for regulated natural ventilation while maintaining the appropriate comfort level at all times.
European office workers are more particular about having natural ventilation in their buildings.
According to a survey conducted by Richard Ellis and Partners in 1992, 89% of the office occupiers in the
UK are against air-conditioned buildings (McKee 1998). Lansdown Estates Group (a subsidiary of MEPC)
in the UK, spent time with prospective new space occupiers to understand their requirements. Generally,
occupiers ask for good natural light and expect natural ventilation, and the majority of them do not ask for
full air-conditioning (Rowe 1998). These kinds of conditions in the European market enhance the demand
of real estate spaces with natural ventilation, and thus, increase the use of DSF systems in the region.
Because of consumer demands, energy
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ENERGY and ENVIRONMENT CONSERVATION
If the primary concern is energy conservation, it will be difficult (if not impossible) to make a case to
use a DSF because of the cost barrier. If, however, environmental concerns are more important, it will be
easier to make an argument because environmental costs are much greater than energy costs. As has
been evidenced by previous attempts by environmentalists to promote changes by instilling an
environmental conscience in people, it does not work. But by putting a dollar value on environmental
damage, awareness and conscientiousness can be raised in the consumers and affect their decision-
making.
One method by which this can be accomplished is by allowing the financial parameters to reflect
energy repercussions to the environment. The European Commission is evaluating the use of this strategy
to make the airlines (and eventually, the people) make choices that reflect the real cost of their consumption
behavior. The implications of these kinds of solutions for a DSF system will be discussed in Chapter 6.
ENHANCED ASSET VALUE
Another financial benefit that has worked with developments using energy-efficiency strategies is
the enhancement of asset value through energy savings. Any increase in a property's net operating income
can be capitalized into an increase in property value. Assuming a capitalization rate of 10%, we can convert
our energy savings of $ 72,500 (at $0.64 per square feet for our 111,718 sq ft building) to come up with an
increase in our property's value by $ 725,000 (see Figure 5.10).
Net Operating Income [NOI] Increase $ 0.64 per square feet
Total NOI Increase for Building 1 $72,500
Capitalization Rate 10%
Asset value assessment Increase = 72,500
0.10
Figure 5.10. Calculation of increase in asset value
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While this seems like easy money, we have to look at an investment decision as compared to the
investment required and over the long-term period. Eventually, we will eventually sell the property and
actually realize this supposed increase in asset value. An immediate increase of $ 725,000 in asset value
comes at a "tag price" of $ 3,900,000 in capital investment cost9! Further, when we conduct a 10-year net
present value analysis of the property, with an eventual sale at the end of that period, we are still coming up
with a negative net present value of $ 3,240,00010 due to the inability of the energy savings, and increased
asset value to overcome the exorbitant initial cost of the system (see Figure 5.11).
0 1 2 3 4 5 6 7 8 9 10
NOI per square foot (34) 0.64 0.66 0.68 0.70 0.72 0.74 0.76 0.79 0.81 0.84
Sale at end of year 10 8.28
Net Annual Cash Flow (34) 0.64 0.66 0.68 0.70 0.72 0.74 0.76 0.79 0.81 9.12
PV of Cash flow (34) 0.55 0.48 0.42 0.37 0.33 0.29 0.25 0.22 020 190
Figure 5.11. NPV Analysis with sale at the end of year 10.
OWNERSHIP TYPES
Due to the high cost of the DSF system, and the fact that most lease arrangements now have the
tenants pay utilities, it is difficult to justify its applications in a speculative office building. The developer
incurs the cost (see Appendix Q.1), but the tenants reap the benefits (see Appendix Q.2). Because of this
the vast majority of DSF applications in Europe and in the US had been in owner-occupied buildings. For
this reason, the evaluations conducted above were for the same. We could see, though, that despite the
high probable gains, it is still infeasible due to the high capital costs.
CONCLUSION
With the existing conditions in the US real estate market, it will be impossible to justify using a DSF
system by using a financial argument due to the overwhelming issue of COST. In instances where the
9 See Appendix M.1 for sensitivity analyses on capital costs.
10 Assumed to be financed with all equity. For calculations using other financing structure, see Appendix M.2.
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desired effect is to achieve a certain level of acoustic performance, security, light levels, energy
conservation, or reduced green house gas emissions, it is more viable to use alternative systems that will
offer equivalent, or even better, performance levels for a much lower capital cost.
Despite these inefficiencies, a DSF system will not necessarily become an obsolete technology.
There are specific benefits that can only be derived from using a DSF system. Most significant is it's the
possibility of using it to provide natural ventilation in high-rise office buildings, where simply opening a
window will not work. This improves indoor air quality [IAQ] that will contribute to better health conditions of
the occupants. This kind of intangible benefit is difficult to quantify in a financial way. The second, and
more commonly recognized, benefit is the aesthetic quality it brings to a building. With the transparency
and the "high-tech" look being the contemporary design image in vogue now, a DSF system allows the
designer to achieve that image without compromising performance specifications, like energy code
compliance, acoustic buffering, daylighting levels, and such.
This, however, does not mean that the future of a DSF system is limited to these applications.
Because of the dynamic nature of the real estate development industry, and the ever-changing world we live
in, conditions could change that would potentially tip the balance in favor of a DSF system. The key to
being a lucrative developer is to evaluate thoroughly factors not just of the present, but also of the future, to
be able to take advantage of unseen opportunities.
Chapter 7 will discuss the evaluation of the future of DSF systems.
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Analyses of the performance of the double skin fagade indicate that current market conditions
render the technology infeasible for commercial office developments. This is not an indication, though, that
things will stay that way. We live in a dynamic world where conditions change by the minute, some
foreseeable, most not. Therefore, decisions should not be made in a vacuum where only present conditions
are being considered, but in anticipation of future changes and development.
In this section, we are going to explore the feasibility of applying a DSF system, in conjunction with
probable events in the near future. We are also going to explore the practicality of certain proposed
incentives for the promotion of energy-efficient measures and technologies in commercial office
developments. These include changes in government regulations, energy and building codes and financial
incentives. It also includes movements of volatile components, such as energy prices, or market demands.
Only upon a comprehensive understanding of these possible future events and conditions can a
developer appropriately gauge the soundness of their investment decision as to whether or not to apply a
DSF system.
BUILDING and ENERGY REGULATIONS
With increasing pressure from the proponents of the environmental causes, the US government is
under pressure to use regulations to promote energy efficiency. They do so by supporting energy
standards, such as ASHRAE Standards, Model Code (for residential projects) and various federal and state
level regulations. But any standards that exceed current performance levels of technologies face scrutiny
by the government officials, who were under pressure from the private industry. Because of these reasons,
financial incentives appear to offer more potential as a major driving force in promoting energy efficiency
(Trevisani 2000).
The Energy Policy Act of 1992 requires states to adopt commercial building standards that meet or
exceed the American Society of Heating, Refrigeration and Air-conditioning Engineers (ASHRAE) model
standard. But adoption of the ASHRAE Standard for residential buildings is not required. Therefore, there
exists a disjunction between actual regulations and practice. In recognition of this, some states have
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initiated their own regulations and codes that exceed technological performance of existing solutions,
among them New York, and California (Title 24) (Trevisani 2000). Other states are following suit with their
own regulations and standards being drafted.
These impending approvals of more stringent energy-related codes mean that sooner or later,
energy performance will become standard elements of development. It may become a requirement in the
near future to incorporate energy efficient measures [EEMs] in buildings. In cases like this, the ever-present
cost issue becomes irrelevant. With new regulations typically being applied only for new constructions,
existing buildings do not have to worry about complying with the new standards. But once users become
more accustomed to a higher level of building performance, expensive retrofits might become necessary to
comply, not with government standards, but market dictates.
ENERGY PRICE
Energy prices, including those of electricity, had been volatile over the past 40 years. They change
according to perception of supply constraints, deregulation, and even Middle Eastern politics. The past 15
years, though, have shown them to be consistently declining (in real terms) (see figure 2.2). This does not
bode well for the environmental movement. Allocation of research resources to energy efficiency or more
efficient energy production methods is diminishing (Benditt 2002). At the same time, low energy prices
provide no inducement for consumers of space to be more energy efficient.
Energy prices as the stand now follow the rule of supply and demand, but do not reflect the impact
of energy consumption on the environment. Due to the abundance of energy resources, prices are low.
ELECTRICITY PRICING
The primary form of energy that commercial buildings consume is electricity (see Figure 6.1). We
also see from our energy consumption analysis for this particular building that utilizing vast amounts of
glazed surfaces, lighting and office equipment resulted in substantial internal heat gain that would negate
the need for heating, even in winter. Because of this, we will focus our energy pricing analysis more on
electricity than on other sources of site energy use.
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ELECTRICITY CHARGES
Commercial properties have variable
SITE ENERGY USE electricity demands. Some use little electricity
Electricity IN OFFICE BUILDINGS
676 trillion Btu 1,019 trillion Btu throughout the month, while others use electricity
intensively sporadically. But more intensive
demand of energy requires more infrastructures,
District Heat like wires, substations and generating stations, to
75 trillion Btu supply the high peak demand. Due to this variable
Fuel Oil
8trillo t demand, utility providers determined that the more28 trillion Btu
Natural Gas equitable way of distributing their additional
239 trillion Btu expenses is to charge for peak demand.
Note: Due to rounding, individual figures may not sum to totals.
Source: Energy Information Administration, 1995 Commercial Buildings Energy Therefore, electricity charges have two
Consumption Survey.
Figure 6.1. Site energy use in office buildings components: supply charge and demand charges.
The supply charge is currently at $0.06 per kWh (see Appendix K.1 for NStar pricing schedule),
and supply charge is indicated in Figure 2.3 as consistently declining over the years. But this only makes up
a very small percentage (about 8%) of the total electricity expenditures of a company. The majority of it
comes from demand charges instead. Because of this, the total electricity charges for our office building,
considering cooling only, average out to $ 0.74 per kWh (see Figure 6.2).
Total Annual Electricity Consumption (cooling only) 1.71 E+05 kWh
Total Annual Electricity Charges $123,830
Total Annual Fixed Charges $2,845
Total Annual Supply Charges $10,497
Supply Charge per kWh $0.06 per kWhh
Total Electricity Charge $ 0.74 per kWh
Total Fixed Charges $0.02 per kWh
Demand Charges per kWh $0.66 per kWh
Figure 6.2. Summary of Components of Electricity Charges (Building 1)1
1 See Appendix L for complete calculation of energy charges.
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INCENTIVES THROUGH PRICING STRATEGY
The problem with the current energy rates is that they are not substantial enough to reflect the
environmental harm caused to the environment by energy consumption. Europe, though, has decided to do
just that with the airline industry. They are more sophisticated when it comes to using government "push"
and "pull" strategies to promote energy efficiency and environmental issues. At present, they are evaluating
two approaches of putting a price on environmental benefits. Air passengers are facing the possibility of
paying E50 a ticket to force airlines to reduce greenhouse gas emissions (Webster 2002). Airlines have
been avoiding the payment of fuel or emissions taxes by threatening to land somewhere else. Norway
currently charges for carbon dioxide emissions. This system is being prepared by the European
Commission to encourage airlines to buy more fuel-efficient aircrafts and to deter people from flying.
Another option would be charge the worst-polluting airlines to reward the least polluting ones, but this option
is thought to be less effective. This will result in a fund worth E1 B a year, and they are proposing to use it to
distribute to members states or to be placed in an international climate change fund working to mitigate the
impact of rising sea levels and extreme weather patterns.
The building industry in the US can take lessons from these kinds of strategies to allow intangible
environmental costs to be reflected in energy pricing. Doing so can make consumers and developers
reconsider the consequences using in a financial metric of their energy consumption.
HURDLE RATES
For a DSF system to be feasible in an office building, electricity prices should be about 10.2 times
what it is now. This means a total electricity expenditure (supply and demand charges) of $ 7.55 per kWh,
or about $ 0.62 per kWh of supply charge. Energy rates that are less than this will make it infeasible. But if
the capital cost were to be financed by debt, then energy prices should be between 12 to 15 times higher
than what it is now (see Appendix 0.2).
But energy prices are not static. They are either rising or declining over a period of time. As
evidenced by historical rates, they have declined 30% over the past 17 years. This is an average of 1.84%
a year. If we were to predict that energy prices to consistent decrease in the rate it has been going, DSF
technology or most other innovative technologies are not going to be feasible.
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This kind of pricing strategy can also be applied in our analysis of the building industry. If this were
so, our analysis indicates that an increase of 39% annually over the 10 years that the system will be in
operation will make the technology $1 gasoline tax, he said that it "would dampen demand for gasoline, but
it would stimulate demands feasible for our applications. Historically, though, the American energy market
had never experienced this drastic a change in prices, and probably will never. When George F. Will (2002)
of Newsweek wrote about the new for the heads of the tax increasers." Any drastic increase in price would
result in great public outcry - career suicide for any political aspirant.
DOUBLE-SKIN FAQADE COST
ECONOMIES OF SCALE
Most new technology that comes to market usually experiences a market impasse. This is no
different for energy technologies, the greatest example of which is the photovoltaic cell. KPMG, a business
consultant and accountancy firm, was commissioned to evaluate the effects of economies of scale for PV
manufacture. The report stated that, "It comes down to a classic chicken and egg problem: as long as
demand is small, production of solar energy will remain small scale and expensive, and as long as
production is small-scale and expensive, the price will remain high and the demand small: Catch 22." The
report also stated that the industry and the government are in a position to break this cycle. KPMG also
indicated that the establishment of a large-scale PV factory (five million panels a year) would reduce its
price by a factor of four! Ways the government can accomplish this is by pulling down the price by setting
up a mass market or by the industry starting low-cost large-manufacturing plants (Greenpeace 1999). Other
financial incentives that should help are the rebate programs of utility companies. These kinds of strategies
can be applied for a DSF system, if analysis indicates that economies of scale is possible for a DSF.
HURDLE RATE
To properly use the first strategy to promote the DSF system, our analysis indicates that a
reduction in price of 90% is necessary! This would mean a cost of only $25 per surface sq ft. Meanwhile, a
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conventional curtainwall currently cost $50 to $100. This would drop the price down to less than a
conventional curtainwall system. With a DSF using up at least twice the amount of materials and resources
a conventional system does, this is an infeasible scenario.
TAX CREDITS
When ex-president Clinton instigated the tax incentive program for the Climate Change Technology
Initiative [CCTI], his objective was to stimulate the commercialization and sales of innovative energy
efficiency and renewable energy technologies (Geller 1999). These have been thought to be the key to
making new technologies, such as the DSF, commercially viable alternatives to conventional energy
intensive systems. But like all good things that seem too good to be true, they indeed are.
Central air conditioners and electric heat pumps
SEER 13.5 10% credit up to $250 01/01/2000 to 12/31/2001
SEER > 15.0 20% credit up to $500 01/01/2000 to 12/31/2003
Natural gas heat pumps
Heating COP 1.25
Heating _ _COP_1.25_ 20% credit up to $1,000 01/01/2000 to 12/31/2003
Cooling COP 0.70
Electric heat pump water heaters
Energy Factor 1.7 20% credit up to $500 01/01/2000 to 12/31/2003
Natural gas water heaters
Energy Factor 0.65 20% credit up to $250 01/01/2000 to 12/31/2003
Energy Factor > 0.80 20% credit up to $500 01/01/2000 to 12/31/2003
Building fuel cell systems
Electric generation efficiency > 35% 20% credit up to $500 per kW 01/01/2000 to 12/31/2003
Figure 6.3. Clinton Administration's Proposed Energy Efficiency Tax Credits for Building Equipment
Source: Geller H. Tax Incentives for Innovative Energy Efficient Technologies, 1999.
Programs started in the Initiative include those that promote efficiency in commercial buildings.
The problem, though, is that these programs cannot be utilized by developers interested in using a DSF
system to offset initial capital costs. As can be seen in the Figure 6.3 above, they are structured towards
very specific systems and equipment and do not allow flexibility for applications for other innovative
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systems, such as a DSF. Meanwhile, other programs are also set up to promote energy efficient
appliances, heat pumps, heating and cooling duct sealing system, lighting, solar systems and alternative
energy sources (Geller 1999). As with the programs listed indicated below, they cannot be utilized to offset
DSF capital costs because of their targeting of specific systems / technologies.
Meanwhile, state-level incentives also exist that attempt to promote energy-efficiency, such as the
Oregon Business Energy Tax Credits Program. It is a state-level incentive program achieved through tax
rebates for commercial building owners who use energy efficient measures. Evaluation is done by the
Department of Energy and building owners can be eligible for up to 30% tax credit (ULI 1997).
While these tax credit programs are a good step towards stimulating the introduction of efficient
systems, they need to be properly planned and be flexible enough that they can used to promote other
innovative systems, such as a DSF. Slowly, steps are being planned to allow for such adjustments and
would hopefully encourage innovations in technology. Unfortunately, the tax credits provided by the
government's existing federal programs are too inflexible for DSF applications, and the credits provided by
both the federal and state programs are too insignificant to create a substantial reduction in the capital cost
of the system. It is ineffectual in creating a market demand for DSF systems.
UTILITY REBATES
Several utility companies around the US, such as Austin Energy in Texas and Alliant Energy in
Wisconsin, offer rebates for energy-efficient equipment to promote energy-efficiency. But despite the
attractive financial benefits of utility rebates, they often involve complicated eligibility procedures and are too
specialized. They are also more often used to fund "tried and tested" green technologies such as high
performance lighting and HVAC systems (Finch 1999). They are often used for buying down small
equipment, such as appliances and HVAC equipment. These financial incentive programs also have
limitations. They are often very minimal, in Alliant's case, they offer a maximum aid of $5,000 per year per
technology. While Austin Energy provides a higher subsidy, a maximum of $100,000, it is still insufficient for
the promotion of a DSF. By being focused on specific green technologies, they discourage an integrative
approach to energy-efficient measures and encourage isolated retrofits that focus on reduction of
consumption through one technology rather than on the proper designing of the building systems in
conjunction with each other.
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HYBRID PROGRAMS
Climate Wise, supported by both the US EPA and the US DOE provides both financial incentives
and technical assistance. It allows participating businesses to receive 40 hours of free consultation each
year in developing and evaluating plans to decrease greenhouse gas emissions, increase energy efficiency
and enhance indoor air quality. It does not directly contribute financial assistance, but through partnerships
with lending institutions, they can guarantee loans and provide them at lower interest rates.
For example, in coordination with the Small Business Administration of Colorado, many lending
institutions guarantee private sector loans for Climate Wise projects. In Dade Country Florida, Climate Wise
partners benefit from regulatory flexibility and low-interest loans. The use of low-interest loans is insufficient
to aid the mass application of a DSF. Our sensitivity analyses on the feasibility of a DSF as a function of
change in interest rates indicate that it is not a sufficient program to lower its capital investment hurdle rate.
CHANGING MARKET DEMAND
The evaluations prior to this section were for owner-occupied buildings. It was initially believed by
the industry that it would be easier to justify paying the high capital costs if owners/occupiers were to also be
the beneficiaries of the improved performance and energy savings. But our results repeatedly aver the fact
that this is not necessarily true. Owners-occupants maybe able to derive benefits, such as enhanced
corporate image for carrying the environmental banner or productivity increases, but the translation of these
benefits into hard costs is dodgy, at best. We can also deduce from playing on the probable future
scenarios above that solely relying on changes in energy prices or reduction of capital costs will be
insufficient, or very difficult, to justify a DSF system.
By comparing the American situation with the European market, it is quite different. In Europe,
there are a few examples of green strategies being applied in speculative office buildings. The daring of
European developers to venture forth into uncharted territory is due to greater market demand of these
spaces. Seeing how the American market is slowly becoming more aware of environmental issues and
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health issues, shifting market demand for real estate office spaces is a foreseeable event in the near
horizon.
The consumer's awareness of these types of benefits can be translated into their willingness-to-
pay [WTP]. Survey conducted by Building Owners and Managers Association and the Urban Land Institute
(1999) indicated high tenant willingness to pay for features that provide these benefits in their spaces, one
of which is HVAC quality.
As a developer investing in features such as these, forethought is very important. Future retrofits
that need to be done to adapt to market demands can be costly and difficult. What may have seen like a
smart value-engineering decision could prove to be real estate death in a couple of years.
The problem with productivity increase in space is the difficulty of allocating effects. Changes in
productivity can be attributed to different things: better light quality, natural ventilation, and better indoor air
quality.
But, if we look at the European sample, where consumers are more sophisticated about building
green, and are more aware of the benefits of natural ventilation and indoor air quality, there is more
promise. With the increasing awareness of these issues in the American market, it is possible that the
application of a DSF in a speculative office building might help developers realize real cash gain.
The application of energy-efficient strategies in real estate can be both a positive and a negative
impact when we consider its longevity. Any system incorporated now in the design and construction phase
will have repercussions in the long-term feasibility, marketability and desirability of the project. It is
advantageous at this point to incorporate these features because with increasing market awareness of
environmental issues and health concerns, such as Legionnaire's Disease, consumers are becoming more
sophisticated in their choice of real estate. What may seem like good value engineering decisions now, may
become losing property features in 5 years.
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PRODUCTIVITY
Office Expenses One major factor related to
$14.00this issue is productivity. With the$140.00 $130.0
$120.00 improvement of health and worker
$100.00 satisfaction comes an increase in
$80.00 worker productivity. This has become
$60.00 $6.0 . the primary argument being used to
$40.000
$20 .... 00 .. promote these technologies. The$20.00-
$- ~' problem with this is that it is difficult to
Electricity Repairs and Gross office Office quantify, and thus translate to a dollar
Maintenance space rent workers
Figure 6.4. 1990 National average of office expenses. improvements, from as long as 5% to
Srr wn 1. as high as 200%. This productivity
can be in the form of decreased absenteeism, less errors in working, and improved worker morale (Romm,
Browning 1998). But then consumer / worker demand is less quantitative than a businessman feasibility
requirements. A tenant's willingness-to-pay for such features then, can be captured by developers and
translated into a rent premium for the space.
The chart above highlights the discrepancy of office expenditures. Wages for office workers are
obviously very significant, while the savings in electricity, where feasibility of EEMs have been focused,
make up only a very minute percentage. The figure above shows national expenditures in 1990. Things
have since then changed and costs vary by location.
Expenditures of offices on utilities and office maintenance are very minimal compared to their
expenditures on office rent and office workers. National averages of expenditures for 1995 indicate that
annual electricity expenditures are only $1.53, office rents of $21, while wage expenditures are $130.
Meanwhile, 2000 figures for Boston's office expenditures have even more exaggerated disjunction between
these figures, with electricity expenses in the high range of $2.07 (IREM 2001), rents at $23 (IREM 2001),
and wages at $446 (US Department of Labor 2001). This fact has become the major justification for the
push for worker productivity increase as a marketing angle for green buildings. It is no different for a
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building using a DSF system, wherein one of its best selling points is its ability to provide for better air
quality in the interior.
Figure 6.5. Office Expenditures for Boston Offices 2000 Figure 6.6. Office expenditures incorporating rent
Source: 2000 IREM Office Income / Expenses premiums and productivity savings.
2001 Department of Labor Survey
Therefore, for owners to share in the increased worker productivity benefit, it would be worthwhile
to explore the possibility of transferring part of the savings in office worker wages (through increased
productivity in the building) into the gross office space rent. This can be accomplished by charging a rent
premium for better-designed office spaces.
In our exploration, we discovered that premiums on rent between $5.30 to $8.90 per sq ft (see
Appendix Q.1) will make a DSF feasible for office applications in Boston. But, any rent premium has to be
tied into a tenant's willingness-to-pay for perceived benefits. We demonstrated that with an employee
productivity increase of 5%, an office tenant will be able to achieve a $2.1M savings in wages, which is
equivalent to a $22.30 effective savings in wages. If a developer were to share in 25% of that savings in
the form of a rent premium, tenants would spend only an additional $ 6 per square feet on their annual rents
(see Appendix Q) (see Figure 6.4).
$446.00$500
$400
$300
$200
$100
Office Rent Wages
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CONCLUSION
Based on the favorable results we have derived from charging rent premiums, we can see that
there is a need to promote consumer willingness-to-pay for better buildings. This way, we can push
developers to build green by: making consumers demand space that are more energy efficient and
healthier, and or by making consumers more willing to pay for space that are healthier and create a more
productive working environment.
These can be achieved by promoting awareness on the demand side. Programs focusing on
raising consumer knowledge about the ill effects of living and working in a non-well-ventilated environment.
It is also important to educate the public about the reality of productivity issues in a building.
CONCLUSION 8
The results of all the research and financial analyses conducted in the previous sections indicate
that the greatest barrier to the mass application of a DSF system in a commercial office development is the
high capital investment required. Existing financial incentives of the government and other agencies are
insufficient to overcome this obstacle. While we do not foresee this cost barrier as being directly obliterated
in the near future, certain conditions or scenarios could exist that would make it a practical and financially
viable building system for a developer or building owner to implement.
Due to the high cost barrier, the performance benefits of a DSF will often make it impractical to be
applied, especially in consideration of existing technologies that perform better in certain aspects, such as
acoustic buffering, security, and even energy performance. But, despite all these, based on the research
and analyses we have conducted, results indicated to us that there exist possible scenarios in which a DSF
will be the best solution for a commercial office development.
One, if cost is not the primary concern of building owners and developers.
Two, if the provision of natural ventilation is a necessity.
Three, if consumers are willing to pay a higher rent for green features in their office spaces.
COST AS A NON- ISSUE
At present, with the high initial cost of a DSF, this has been the development condition that allows
a DSF to be implemented. More often than not, other more pressing issues exist that push for a DSF
application such as:
1. transparency as a major design criterion, while compliance with energy and building codes, and
performance specifications are required
2. green design features to enhance corporate image
3. comfortable working environment to improve workforce recruitment
Existing buildings with DSF applications have the above objectives as motivation for their decisions
to use the system, despite the higher initial cost. The cases of Levine Hall of the University of Pennsylvania
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and Briarcliff House in Farnborough, England illustrate the first point. Meanwhile, the RWE Headquarters in
Essen and the Commerzbank Headquarters in Frankfurt, both in Germany, demonstrated the second point.
The new Genzyme building under construction in Cambridge, Massachusetts is an example that has is
motivated by the third objective.
What these cases exemplify is the promise of the application of the technology for reasons other
than cost savings, which is one of the more commonly used argument to promote energy-efficient
technologies. Environmental lobbyists and proponents for energy-efficiency should putt some time and
effort into marketing and presenting cases with other benefits, especially with such innovative systems as a
DSF, that have high initial costs that will be almost impossible to justify.
NATURAL VENTILATION REQUIREMENTS
With a DSF being one of the few existing technology at present that can provide natural ventilation
strategies for high-rise buildings, having it as a performance objective would mean that cost issues will
come secondary to the provision of this feature. This was the motivation behind the use of a DSF in the
RWE Headquarters in Essen and Commerzbank Headquarters in Frankfurt.
CONSUMER DEMAND FOR GREEN SPACES
While the environmental, health and productivity benefits are difficult to quantify into precise dollar
amounts, it is possible for these benefits to be translated into a dollar amount for a developer. This is
accomplishable through the establishment of rent premiums. On the users' side, increased consumer
education on the health and environmental benefits of building green can generate preference in employees
to work in offices with better indoor environment. For office tenants, the necessity for attracting better
workers, reducing absenteeism and increasing productivity, again accomplished through better education,
will motivate them to invest in office spaces that provide these features, of which a DSF is one. Thus, this
translates to a developer, an increased premium on rents that can be commanded from better spaces.
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Our results have indicated that a mere $6 increase in rent, which for our case analysis is still within
the range of reasonable office rents in the locality, will render a DSF system feasible for office applications.
The above two scenarios give positive reinforcement that a DFS system has potential for future
applications. Though they are not applicable for most applications, they are effective for specific instances.
With proper understanding, consumer education, and marketing, applying a DSF system in commercial
office developments could be a potentially profitable development strategy.
EXPANSION OF STUDY
What has been established here is a methodology for analyzing feasibility of an energy-efficient
technology. This can be applied for the analysis of DSF performance in other regions using specific local
market conditions, and for buildings of various configurations. At the same time, because of its flexibility,
possibilities also exist for an expansion of the analysis process into applications for other energy-efficient
technologies, such as renewable energy sources, HVAC equipments, lighting retrofits and others.
Hopefully, this research has laid the foundation for future works that will benefit the promotion of
energy-efficiency technologies.
APPENDIX
Appendix A. OFFICE BUILDING STATISTICS
Appendix A.1. Commercial Building Sector by Size
Retail and Service
Office
Warehouse
Education
Public Assembly
Lodging
Reigious WorshipRekgius OFFICE BUILDINGS
Vacant ACCOUNT FOR THE
Health Care SECOND LARGEST
Food Service
FLOORSPACEPublic Order and Safety
Other
Food Sales
0 2 4 6 8 10 12
Total Floorspace (billion square feet)
Source: Energy Information Administration, 1995 Commercial Buildings Energy
Consumption Survey.
Appendix A.2. Commercial Office Building by Square Footage and Number of Establishments
1,001 to 5,000 405 57.5
5,001 to 10,000 131 18.7 2.0
10,001 to 25,000 94 13.4 2.1
25,001 to 50,000 35 5.0 5.2
50,001 to 100,000 22 3.1 8.5
100,001 to 200,000 10 1.4 10.2
200,001 to 500,000 5 0.7 19.6
Over 500,000 1 0.2 30.7
Source: US Department of Energy- Commercial Buildings Energy Consumption Survey
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Appendix A.3. Commercial Building Sector by Number of Employees
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Appendix B. ENERGY CONSUMPTION of OFFICE BUILDINGS
Appendix B.1. Energy Consumption and Cost by Building Size
Small 95 233 87.2 $ 16.40
Medium 313 1,198 82.6 $ 17.06
Large 611 16,047 109.0 $14.66
Total 1,019 1,445 97.2 $15.56
Source: Energy Information Administration, 1995 Commercial Buildings Energy Consumption Survey
Appendix B.2. Energy Sources in Office Buildings
SITE ENERGY USE
Electricity IN OFFICE BUILDINGS
676 trillion Btu 1,019 trillion Btu
District Heat
75 trillion Btu
Fuel Oil
28 trillion Btu
Natural Gas
239 trillion Btu
Note: Due to rounding, individual figures may not sum to totals.
Source: Energy Information Administration, 1995 Commercial Buildings Energy
Consumption Survey.
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Appendix B.3. Electricity consumption and Cost by Size
Small 16 39 14.8 8.29
Medium 58 223 15.4 8.06
Large 124 3,252 22.1 6.46
Total 198 281 18.9 7.08
Source: Energy Information Administration, 1995 Commercial Buildings Energy Consumption Survey
Appendix B.4. Energy consumption of Office Buildings
Source: US Energy Information Adminsitration,
Energy Consumption Survey
Appendix B.5. Electricity Consumption of Office Buildings
Space
Ventilation Heating
Office 8% 3%
quipment
23%
1995 Commercial Buildings
Source: US Energy Information Adminsitration, 1995 Commercial Buildings
Energy Consumption Survey
Ofilce Ventlaton Space
Equipment 5% Heating
16% -25%
Cooling
9%
r 1Cooking
Water Heatng Others 1%
9% 6%
Cooling
14%
Others
8%
Lighting
44%
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Appendix C. BUILDING PROTOTYPE 1 (Conventional
Appendix C.1. Ground Floor Plan
f, 31.6
Appendix C.2. Typical Floor Plans
31.6
Fagade)
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Appendix C.3. Front Elevation
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Appendix D. BUILDING PROTOTYPE 1 (Double Skin Fagade)
Appendix D.1. Ground Floor Plan
AeS TAs
Appendix D.2. Typical Floor Plans
3.6
1i 29,6
3L6
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Appendix D.3. Front Elevation
Appendix D.4. Left Elevation
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Appendix D.5. Right Elevation
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Appendix E. CURTAIN WALL SYSTEMS DESCRIPTION
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Appendix F. DIAGRAMS of MODELLING METHODS
Zoning Type 1: 3 zones -vertical Zoning Type 2: 3 zones - horizontal
Zone 10 Zone 9
Zone 8 Zn
Zone 1 Zone 1 Zone 6Zone 4 Zone 3Zone 2 Zone 1
Zoning Type 3: 1 zone Zoning Type 4: 10 zones -vertical
100
Zone 3
Zone 2
Zone I
Zone 1
Zone 2
Zone 3
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Appendix G. VENTILATION REQUIREMENTS
Fod and Beverages Cafeteria, fast food 20 0.00944 10
Off ices Office Space 20 0.00944 10
Reception Areas 15 0.00708 7
Conference Rooms 20 0.00944 10
Public Spaces Smoking Lounge 60 0.02832 28.32
Elevators 1
Source: ASHRAE Standard 62-1989, Ventilation for Acceptable Air Quality
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Appendix ENERGYPLUS IDF FILE
A PPENDIX
Appendix 1. BTS 1 CORE DATABOOK ENERGY STATISTICS
Office
Mercantile and Service
Education
Health Care
Lodging
Public Assembly
Food Service
Warehouse and Storage
Food Sales
Vacant
Public Order and Safety
Others
24.3
30.6
32.8
55.2
22.7
53.6
30.9
15.7
27.5
38.0
27.8
59.6
901
5.8
4.8
9.9
8.1
6.3
19.5
0.9
13.4
1.4
6.1
9.3
8.7
5.1
17.4
63.0
51.4
17.5
27.5
2.0
9.1
5.5
23.4
15.3
28.1
23.4
15.8
39.3
23.2
21.9
37.0
9.8
33.9
4.5
16.4
26.7
97.2
76.4
79.3
240.4
127.3
113.7
245.5
38.3
213.5
30.1
97.2
172.2
19%
18%
12%
11%
9%
8%
6%
6%
3%
3%
2%
3%
1 Office of Building,Technology, State and Community Programs - Department of Energy
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Appendix J. EIA ENERGY ESTIMATION
Appendix J.1. EIA Energy Estimation for the Northeast, built in 1990 - 1995
Space Heating
Space Cooling
Ventilation
Water Heating
Lighting
Others
1.10
1.19
0.57
0.97
2.67
2.54
952.07
1,021.77
490.55
838.72
2,302.26
2,189.02
Accessed trom http://208.226.16.216/webcbecs/cbecs98.A
Appendix J.2. EIA Energy Estimation for the Northeast, built in 1950 - 1995
Space Heating
Space Cooling
Ventilation
Water Heating
Lighting
Others
23.f2
8.97
5.40
8.86
28.13
21.37
2,272.62
863.01
519.81
852.31
2,706.71
2,056.27
Accessed from http://208.226.16.216/webcbecs/cbecs98.ASP on 6 May 2002.
8.29
8.90
4.27
7.30
20.04
19.06
4.28
2.05
3.51
9.64
9.17
23.22
8.82
5.31
8.71
27.66
21.01
8.55
3.25
1.96
3.21
10.19
7.74
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Appendix K. NSTAR ENERGY COST SCHEDULE
Appendix K.1. NStar Electricity Charge Schedule for Commercial Occupancies with monthly peak demand
greater than _ kW
Electricity Rates Oct - M"
Customer Charge 2:
Distribution Demand Charge
Transition Energy Charge 0.0
Transition Demand Charge
Transmission Charge
Energy Conservation Charge 0.1
Renewble Energy Charge 0.01
Jan - JI
Default Pricing 0.01
Source: NStar website
Appendix K.2. NStar Gas Charge Schedule
Gas Rates Nov -A
Customer Charge 1
Distribution Charges 0.
Supplier Charge 0.:
Source: NStar, Kathleen Ross
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Appendix L.2. Annual Gas Charges - Conventional System
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Appendix L.4. Annual Gas Charges - DSF System
Energy III
Consumed Customer Distribution Supplier Total
Thermsl Charae Charaes Charaes Charaes
I
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Appendix M. SENSITIVITY ANALYSES for BUILDING 1
Appendix M.1. Sensitivity to Fagade Framing Type (Analysis of NPV / sq ft)
Conventional System Price Ranges $ 150 / sq ft surf $ 250 / sq ft surf
Metal Mullion Type - $ 19.20 -$ 55.67
$ 75 / sq ft surf
High-Tech Asia & High-Tech Europe - $ 9.99 -$ 46.46
$100 / sq ft surf
Point Support 0 -$28.00
$150 / sq ft surf
Point Support $250 / sq ft surf $ 45.26 0
Assumptions
1. Financing is assumed to be all equity.
2. Analysis incorporates sale at the end of Year 10.
3. Costs based on data in Appendix E.
For most cases of sensitivity analysis, we find that most of our results yielded negative NPV,
except if we were to compare a DSF with a single-glazed fagade using a point-support system. But, it is
inaccurate to compare a DSF system with a point-support system because of aesthetic differences between
the two.
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Appendix M.2. Sensitivity to Financing Structure (Net Present Value Analysis)
Loan-to-Value
Interest Rate 80% 60% all equity
6% -4.78 M -4.44 M - 3.41 M
7% -4.86 M -4.50 M - 3.41 M
8% -4.95 M -4.57 M - 3.41 M
9% -5.04 M -4.63 M - 3.41 M
10% -5.13 M -4.70 M -3.41 M
Loan Amortization = 30 years
Loan Period = 10 years
Loan amortization assumed is the most favorable conditions available. Despite this, regardless of
the financing structure we use, the project will yield a negative NPV.
Appendix M.3. Sensitivity to Discount Rates
Discount Rate NPV
10% -4.93 M
14% -4.74 M
17% -4.63 M
20% -4.55 M
25% - 4.44 M
Loan Period = 10 years
Amortization Period = 30 years
Interest Rate = 9%
APPENDIX
Appendix N. DISCOUNT RATE
Discount rate is used as a measure of perceived risk of a project. The risk can be broken down
into 3 components:
1. return on a risk free investment, such as a long-term government-issue treasury bill
2. inflation over the period of analysis
3. risk premium that will be attributed to a project
(1 +k) = (1 + rf)(1 + ET)(1 + AP)
The equation above demonstrates the different components, combines the 3 components into one,
to allow us to derive an equivalent rate, k, that will be representative of our desired return from a project, of
a certain level of risk.
In this project, we will use the following values:
5.28% This is based on the rate of return on the 10-year treasury bills
7.2% in April 2002. But due to the uncommonly low rates at present,
we will also conduct analyses using the more representative
rate of the past, which is about 7.2%.
2.83% Based on the annual inflation rate of 2001 - 2000.
5% We will use two different discount rates according to our
8.5% perceived risk. These figures are based on returns on the S&P
500 of comparative risk level.
Therefore, for purposes of our calculation, we would be using the following discount rates:
Risk Level Equation
Low risk (1 + k o)= (1 + 0.0528)(1 + 0.0283)(1 + 0.05)
High risk (1+khigh (1+0.0528)(1+0.0283)(1+0.085)
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Appendix 0. ENERGY PRICE CHANGE ANALYSIS
Appendix 0.1. Energy Price Hurdle Rate Sensitivity to Financing Structure (Zero NPV Analysis)
Loan-to-Value
Interest Rate
1 80% 70% 60% all equity
6% 13.85 13.40 12.95 10.20
7% 14.08 13.60 13.11 10.20
8% 14.32 13.81 13.29 10.20
9% 14.55 14 13.45 10.20
10% 14.81 14.23 13.65 10.20
Values expressed as a multiplier of current price.
Loan Amortization = 30 years
Loan Period = 10 years
Appendix 0.2. Energy Price Escalation Rate - Sensitivity to Financing Structure (Zero NPV Analysis)
Loan-to-Value
Interest Rate
________ 80% 70% 60% all equity
6% 43.27% 42.75% 42.21% 38.56%
7% 43.52% 42.975% 42.415% 38.56%
8% 43.78% 43.205% 42.62% 38.56%
9% 44.03% 43.44% 42.83% 38.56%
10% 44.29% 43.68% 43.04% 38.56%
Values expressed as annual
Loan Amortization = 30 years
Loan Period = 10 years
rate of increase.
113
A PPENDIX
Appendix P. SENSITIVITY ANALYSES ON DSF PRICING
Appendix P.1. DSF Capital Cost - Sensitivity to Financing Structure (Zero NPV Analysis)
Loan-to-Value
Interest Rate
80% 70% 60% all equity
6% 7.43% 7.68% 7.94% 10%
7% 7.31% 7.57% 7.84% 10%
8% 7.20% 7.46% 7.74% 10%
9% 7.08% 7.35% 7.64% 10%
10% 6.98% 7.25% 7.55% 10%
Values expressed as percentage of current cost.
Loan Amortization = 30 years
Loan Period = 10 years
A PPENDIX
Appendix Q. SENSITIVITY ON RENT PREMIUMS
Appendix Q.1. Sensitivity to Financing Structure (Zero NPV Analysis) - Developer's Perspective
Loan-to-Value
Interest Rate
80% 70% 60% all e uit
6% $7.86 $ 7.54 $ 7.22 $ 5.31
7% $8.10 $7.75 $7.40 $5.31
8% $ 8.35 $ 7.97 $ 7.59 $ 5.31
9% $8.60 $8.19 $7.78 $5.31
10% $ 8.85 $ 8.41 $ 7.97 $ 5.31
Values expressed as US$ premiums over rent
Loan Amortization = 30 years
Loan Period = 10 years
required for DSF feasibility.
Appendix Q.2. Sensitivity to Productivity (Zero NPV Analysis) - Tenant's Perspective
Productivity
Increase 5%
Rent Premium Share from Wage Savings through Productivity
10% 15% 20% 25% 30%
10% $2.23 $4.46 $6.69 $8.92 $11.15 $ 13.3
25% $5.57 $11.15 $16.72 $22.30 $27.87 $ 33.4
50% $11.15 $22.30 $33.45 $44.60 $55.75 $ 66.9
100% $22.30 $44.60 $66.90 $89.20 $111.50 $ 133.E
150% $33.45 $66.90 $100.35 $133.80 $167.25 $ 200.1
200% $44.60 $ 89.20 $ 133.80 $178.40 $223.00 $ 267.E
Values expressed as US$ of premiums consumer is willing to pay as % of productivity increase.
Shaded regions indicate premiums at which DSF will be profitable for both tenant and developer.
Assumptions:
Number of workers
Wage per hour per worker
Hours worked per year
Wage escalation rate
880
$ 23.91 based on US Department of Labor Survey 2001 for Boston
2,000
1.5% annually
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